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‘AG 
'HYDROMETERS 





AND 


‘THERMOMETERS 


| TAG Laboratory Hydrometers and Thermom- 

| eters are designed to meet the many varied 

| conditions under which temperature and grav- 

| ity must be measured. Distinctive in appear- 

ance, TAG Hydrometers may be easily iden- 

tified by the striking black design on the back 

| of the thermometer scale of the combined 

form type, and the attractive silver band in 

| the plain form. TAG Thermometers are marked 

GLASS CONTRACTED : | by sharply engraved numbers and lines—uni- 

—— formity in dimensions and fine workmanship 

throughout—also strict adherence to authori- 

Sie . ae tative specifications such as those adopted by 
WOT MERCURY. / ve Suan CUBNES the A.S.T.M. 


Additional worthwhile and distinctive features 
of TAG Hydrometers are: 


RED INDICATOR. A strip of red glass fused 
to the stem indicates position of hydrometor 
scale. An A.S.T.M. requirement. 


DOUBLE GRAVITY SCALE. Permits reading 
from any position when hydrometer rotates. 
Scales cannot slip because they are fastened 
with a cement that will withstand a tempera- 
ture of 300°F. 


SOLID BALLAST. No mercury to spill in plain 
form. No shot can escape in combined form. 
Metal ballast for high temperatures, with- 
standing 300°F., is kept in place by enlarge- 
ment of thermometer stem. 


STREAM-LINE TIP. Easy to clean. Sinks quickly 
into heavy oils. Permits use of extremely sen- 
sitive thermometer bulb. 


Illustrated here are two of many plates show- 
ing TAG Etched Stem Thermometers and 
Laboratory Hydrometers which appear in the 
TAG Catalog No. 1100-1. We would like to 
send you a copy of this latest catalog, for it 
will prove of valuable assistance to you. In 
addition to a complete listing of laboratory 
thermometers and Lireciaies, you will find 
other interesting and instructive information 
including Fahrenheit, Centigrade and Beaumé 

ific Gravity Conversion Tables, as well as 
useful data relating to the use of these im- 
portant instruments. 


A NEW INSTRUMENT 
a etree 


This method is a modifi- 
cation of the well-known 
and widely used Ubbel- 
ohde Dropping Point 
Method which has been 
ed by Committee 

2 of the A.S.T.M. 
Write for Bulletin No. 
1174-1 and get the lat- 
est information and 
“ptices on this new Drop- 
“ping Point Apparatus. 






nee 


: 


Priyty 
iid 


tH 
pti Lidjit Li 


BUSYUPULLLELE TER} 


WV) 
yl 


11M} 





ity 


| 


! 
L 






nina LATE 
TONNNONNTTTNTANMATTTT TT 





ii 
] 
i 


~ 


{UTM 





po i 


Thi 
| 
i 


— 





Traeeyyay 1} 1! 
iL ME 


LET 




















Ty | 











¢ 


Cc. J. TAGLIABUE MEG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 














only FOXBORO can give you true 
‘AVERAGING lavel control 


That it is impossible to secure true averaging control without a very 
wide throttling range and automatic reset has been proved time and 
time again. In fact, FOXBORO Model 15 Stabilog Controller can pro- 
vide 3,000% throttling range—which serves to emphasize the importance 
of this feature. « « « Results are what count, and FOXBORO’s wide 


experience in the application of averaging type level controls proves "ive averaging level con- 


trol is one in which the 


conclusively that where true averaging is desired, 100° throttling range 
Y _s g g change of flow is less in 


is inadequate. « « « If you have problems involving control of level in 
ap : ; ; percentage than the 
enclosed systems requiring true averaging control, bear in mind that only 
FOXBORO can satisfy your requirements. The Foxboro Co., 46 Neponset 


Avenue, Foxboro, Mass., U. S. A. Branch Offices in 25 Principal Cities. 


LOKOIZO 


STABILOG AVERAGING LEVEL CONTROL 


INSTRUMENTS 
May 1938 —] \ 


change of level causing it. 





























<> ROTAMETERS 


Direct-Reading 


Liquid and Gas Flowmeters 


for measuring accurately the smallest 
laboratory flows to the lareest flows en 


countered in plant processing. 






la 4 4 
| @A tully visible float wu { interchangeable 
= >, precision-bore glass tube indicates rate of 
ee tlow. Etched capacity scales on the tubes are 
T 1 Permanent and read easily 
t | : 
7] @ Flow readings obtained directly. No meter 
} Fi ng fluids used 
} - 
‘ 
3 +: @ Pressure loss (which can be selected to suit 
; equirements) remains fixed regardless of 
if amount of flow 
} 
1 4 


@ “hange of capacity range, change trom liquid 


» gas, or change from non-corrosive to cor 

4 rosive liquids, 1s made by using a different 
. float which is obtainable at low cost. Floats 
can be made of materials resist amy 


chemical 


: @ Flow graduations spaced uniformly and 
~ ee read easily No square root law involved 
| » distort scales 

7 
1 @ Any degree of accuracy obtainable by chang 
ing length and taper of tube and dimensions 

i of float 

@ Opened quickly for cleaning or for changing 


a the float without dis-assembling 
Write for Descriptive Bulletin 1065-IN 


AMERICAN INSTRUMENT CO. 


8010-8020 Georgia Ave Silver Spring, Md 











THE westcort Orifice Meter...the instrument that is 


meeting a demand of astonishing size and growth 
throughout the world. Large volume, efficient 
manufacturing, ingenious design and simplicity 

. these alone make the low cost possible. 


AMERICAN METER COMPANY 


METRIC METAL WORKS FRIFE. PENNSYLVANIA 
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Indicators, recorders, controllers, inspection 


T 
devices, etc., for plant, field and laboratory 


FORD POWER PLANT INSTRUMENTATION 
1—Boiler Room Instrumentation 


By W. W. Dulmag 
MOTOR INSPECTION AND TESTING 


Instruments used in Manufacture 


By R I otr de 


HARDNESS MEASUREMENTS 
The Rockwell Method 
By S. R. Williams 
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IN rHIS ISSUE 


Rouge Plant Power House of 
Ford Motor Co. is not only the 
’s largest industrial power plant 
also the largest high-pressure 
eam generating installation. Not only 
he pressure 1250 Ibs./in.* and the 
rage temperature 900°F. but the 
is a million pounds of that high 
ressure steam per hour! Last year 
had the rare double privilege of 
1) spending a day there and (2) 
being royally escorted by none other 
than Power Superintendent Dulmage. 
Naturally we thought of you, dear 
readers, and the result is the serial 
beginning in this issue, in which Mr. 
Dulmage will tell you in detail the 
mportant parts played by instru- 
entation. 


Another article on the modern uses 
f modern instruments in testing mo- 
tors and their parts. This time R. L. 
Strode covers the induction type of 


motor. 


Much has been written on the Rock 
well method, but it takes Dr. Williams 


to discuss it thoroughly without “go- 


ng highbrow” and to explain it plain- 
y without stooping below your mental 
1? 
It is years since we printed a letter 
m a reader. We get many inter- 
sting ones but—alas—space limita- 
ns... you know! However, when 
vo readers, a father (whom we met 
our Pacific trip last summer) and 
; son, write a joint letter, and when 
e subject-matter is unusual, we have 
find space for such a literary col- 
boration—even though we disagree 
th the writers’ accusation that In- 
iments isn’t human enough. Read 
t and let your editor know what you 


HE FRONT COVER 


What! Another petroleum refinery 
ntrol board? Why not? We don’t be- 
eve in holding up for several months 
ich a splendid combination of pic- 
‘ial value and up-to-the-minute en- 
neering as this one of the Sinclair 
fining Co.’s installation at East 
icago, Indiana—just received from 
> Brown Instrument Co. 











“THE OLD RELIABLE 7 


Experience is a jewel, and it had need to be so, for it 
often purchased at an infinite rate.—Shakespeare 

You take all the experience and judgment of men ove 
fifty out of the world and there wouldn’t be enough to run 


it. Henry Ford. 


NTEN'T as we recently were upon the celebration ot 
Instruments’ own tenth anniversary, we can—-and do 
appreciate that this vear 1935 is witnessing anniversaries 
of still greater significance to instrument users— particu 
larly to users of electrical instruments and meters, the 
manutacture of which by three American firms began 
half a century ago. These three firms were founded at 
different times: G-E in 1878, Westinghouse in 1886 and 
Weston in 1888, but it was in 1888 that Edward Weston 
began producing his d-c. instruments, Elihu Thomson his 
d-c. meters and ©. B. Shallenberger his a-c. instruments 
and a-c. meters. [hese three men have passed on to thei 
reward. The thought comes to our mind that since the 
deaths of Instruments Publishing C ompany'’s President 
Vigneau in 1936 and of Field Representatives nest: and 
Farnham a few months ago, not one official or employee 
of this company has reached the age of fiftv! The majority 
of our subscribers—judging from the hundred or so 
whom we have met—are in their thirties and forties. And 
the majority of electrical instruments and meters which 
one sees in industrial plants and utilities look as modern 
as a stratosphere liner. All in all, the field of industrial 
electrical measurements would seem to be “a young man’s 
game” like aviation or television. It is indeed rich in op 
portunities for young men, but it possesses a priceless her 
tage which aviation and television lack: a firm foundation 

of glorious history and oe tradition. Moreover, 
happy characteristic of t the older electrical measurement 
engineers—manutacturers and users alike —is their tor 
ward-looking attitude. Prom Otto Knopp on the Pacific 
Coast to Paul MacGahan on the Atlantic Coast, thes 
lovable veterans are the ones who, when a stripling just 
out of engineering school says “it can’t be done,” proceed 
to do it! No idle boast is the Weston Electrical Instru 
ment Corporation's proud assertion: 


The beginning of a new half-century still finds Weston a 
typically young organization in its attitude toward new i! 
dustrial wants, new methods for meeting them and new 
techniques of manufaeture. 

Perfectly true! And equally true will it be after your 
editor's impetuous and impish blue pencil has made a 
slight change in emphasis, thus: a typically young 
organization. 
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THE MONTH'S NEW 








Air-operated Control 
Potentiometer 








ad >) itomaty droop-correctior 
! reset” control principle is required 
order oO obtain close control despite 
unt rable application lag and unsteady 
lemand, new Micromax Pneumatic Cor 
rol been developed “as a unit, engi 
ered i unit.” and thus comes ready 
install. Noteworthiest feature Is pro 
ision for selecting a mode of control and 
idjusting this mode to application lag 
nd demand fluctuations: in some cases, 
pict ull lve ictuated = by slide-wire 
‘ j have its outlet directly 
ecter diaphr im ot controlled 
eid her cases the user may decide 

‘ t ‘ f four-bellows type 
eumatic balance Fig. 2 which relays 
NEEOLE VALVE 7 

 sctinecsinmnenens chai 
SECONDARY | 
PILOT VALVE] 


Cy ae 
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control action id provides 
droo p-correction (reset I his 
ermines the pressure produced 
pilot i ( Qn the lower 
aoup 1) tore it bye ws 
\ is loaded by primary-pilo 
re ure | ( ¢ ell 
I er conditi Is t « 
1 rt } | 1 \ essure 
l ( ( ( t \ 
1 r\ rT I i ! I 
ence rf riations WU ir 
an | 1cole | ct Is ( i | 
rrees, having equal evel rms 
( When balance is in equilil 
l ke ( darv-pttot i ‘ 
Vth Da] ero to 11 
sure ( ittiyr control \ 
} “ y positior f 
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In this department we strive to re- 
port each month ALL the new devices 
tor measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 

When writing to manufacturers 
directly, please mention this depart- 
ment as your source of information. 

Or write to Information Section, 
Instruments Publishing Company. 








neumatice-t ince arn thus providing 
for controlled valve to assume nV post 
tion with temperature t control pont 

Anv change = in primary - pilot ilve 
pressure acts at A to move pneumatic 
balance arm, causing a like change in 
econdary pilot valve pressure [This ne 


pressure is transmitted to diaphragm oft 
controlled valve, thus relaving primary 
control iction, Causing \ ilve to assume a 


new position. Change in secondary pilot 


lve pressure is transmitted also to B, 
offsetting pressure change it \ ind 
bringing pneumatic balance to equilib 


rium, which, however, is only instantane 
ous. Pressures at B and (¢ Start at once 
to equ ilize through a needie valve Ag 
this produces a pressure change (the 
umount of which depends on differential 
between B and C) such as to move arm 
ind valve stem still farther in= same 
direction. Thus, a further change in sec 
ondary-pilot-valve pressure is transmit 


] 
} 


ed both to the controlled valve ind to 
B. This supplementary action quickly 
brings the pneumatic balance to final 
equilibrium at a new position of its arm 

vith pressures at B and C equal; with 
pressure at A again one-half that at D; 
vith the controlled valve at a nev posi 
tion corresponding to the new demand 
so that temperature Is again at the con 
trel point Leeds & Northrup Ce 
Stento lve Philadelphia Pa 


Electric-contact Type 
Temperature Controls 


Functionally similar to maker's” pre 
vious models, nev “Model 7 Kleet ric 
Pempe rature Control” embodies severa 
refinements and is available in a wide 

choice of combina 


tions oft ranges, 


Prornis, etc Lem 


perature maximum 








is 1000° F, or 550°C 
Switel element 1 
e “Micro Swit 
nad 1 \ bye | 
ormally cihosed 
ormally en or 
I le pote double 
the to ine 
t] ct ire ( 1 
tr eireuits ith 
I Nimun ( i¢ 
ithe to 250) t e¢. Dial may 
" uy 1a wait ed raduated { 
ty 7 yr calibrated in deg ees | or ¢ 
Thermal element is mercury-in-stee Typ 
Maximum tubs length is 20 ft Instru 
ment head 1s 6 high by 3 deep The 


Partlow ¢ } Vew Hartford, N.Y 


dead-end service I, dis 
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Self-operating 
Steam-heat Controls 








heated ip ylication up to ] 
i I 
sure nd 278° 3 re-desi nea 
1 temperiuture controll 
ps Sip 
I , 
i 4 
] = 
G = a | 
rH} HY 
f a) | 
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| = > 
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A. Motor bellows; B. Balancing 
Valve disk; D. Valve seat; E. Bronze body 
sulator tube; G. Condenser; H. Capillary 


Flexible armor 


1. Mounting locknut; 2. Union bushin 
justment lock; 4. Temperature adjustment 


ible armor; 6. Bulb. 





J 

muunced In \ ve sizes fron 

1d in two models: one with ter 
idjustment t) at bulb, the t 

setting dial which ma he lox 
. convenient panel-hoard. Power 
erator rt tean \ ( Is i 

he heat f ‘ team itse 
of “vapo-flash” principle 
described in great detail / 
May 1934, page 97; also Aug. 193 
219) whereby a 2° throttling rang 
unable Single-seated Monel-t 


provides shut-off sufficiently 
i Ie 

Dix Thomas 1. Hadise / 
Lakesid ra West On ¢ \ 
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CONTROL 




















Obtained Easily 


With new two-switch model Burling Tem 
rature Control. Ideal for variable-load 

spplications and for equipment where ex- 
nely close control is desired. 


Send for particulars 


BURLING company 


239-241 Springfield Ave., Newark, N. J. 














ROTARY SELECTOR 
SWITCHES /or ase with 
THERMOCOUPLES 





[here is a “LEWIS ENGINEERED 
SWITCH” suitable for every multiple 
ermocouple installation. 
Every Switch has an “OFF” position. 
model is designed exclusively for 
e small voltages generated by thermo- 
ples. Low contact resistance permits 
accurate readings. Standard Stock 


No. of Pos Nominal Approx 
hesides O.D Wt 
Off’ Pos 
ee 2.5 OZ 
Do, bes 2O 4.0 19 oz 
74. 28 1.0 »5 oz 


Bu [8-37 On Request 


THE LEWIS ENGINEERING CO. 


NAUGATUCK, CONNECTICUT 











Radiation Pyrometers 


\nnouncement is made of a_ lin 


radiation pvrometers, each comprisi 


in 


re 


e of maker’s millivoltmeter or pote 
meter type indicator or recorder, wit 
“Ardometer” for the radiant 

ceiver. This type of radiation receives 


+ ] } 
essentl ly i. telescope with a eri 


} 
COLLP Le ISK ocated in) focal picane 1 


+ 


sl 


] } 


ween objective lens and ocular. Observer 


oehts on vlowing surface thre empera 





tu 


re of which is to be indicated or re 


corded) in such manner that he sees a 


br 
as 


to 


ight zone all around the disk, the reby 
} 


vpea4»r 
source temperature the relation for 


suring that disk temperature will 


which the system has been calibrated. 


‘Tiny thermocouples soldered to disk thus 


ce 
ta 
st 
ce 
ck 


} 


Tile 
to 
to 


velop in emf. reproducibly represen 


tive of sources temperature under 


indardization conditions. For detailed 


‘scription of original (German) “Ar 


mete r” Set Instruments M i\ 1930, 


pages 326-327 The Bristol Co Water 


“ury (0 


Resistance 
Thermometers 


\ line of indicating resistance ther 
meters Is announced, specially dapted 
the air-conditioning field as well as 


r industrial applications where it is d 














antl, 


\wenERY/ 


Boiler Meters Cc 


Indicate, record 






and integrate 
Steam Flow 
from the boiler, 
record Air Flow 
supplied for 
combustion 
and record Flue 
Gas Tempera- 
ture. The use of 
this meter re- 
duces fuel cost, Bail 
lessens main- 

tenance and outage, lowers standby costs, 


and adds capacity. 


Multi-Pointer Gages for indicatin; 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 





coe 


Vulti-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 


water, compressed air and other fluids 


ranular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
; gravity chutes from over 
Ss head bunkers. The total 
quantity of granular ma 
terial is shown on a large 
illuminated counter which 
may be easily read ata 
distance of 50 feet 


Conk Mates Control Systems. 
Make possible the evel 


day operation of equipment for steam 





eeneration and utilization at test eflicien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors 


el 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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Pocket-size Thermo- 






































electric Pyrometer 


Ne N 73P?O) Pyrometer Potentions 
erou ( 7 ) 3 eighs 
+ il I is unaffected by ibration 

‘ eveling, hence i col 





; ] 
nended only tor general mndustria 


especially for various 


temperature measuremen in urcratt, 
movin ehictes, ete Kight types of rare 
meta nad bt e-met Thermocouples im 
ivallable Scale is & long, can be cali 
brated in my. or for any type of ther 
mocouple, or both temperature ind mis 


Circuit is of drop-resistor type, requires 
no standard cell, i fully compensated 
for temperature effects so that instru 
ment indicates only temperature of meas 


iring junction provided that instrument 


Lernyp rature tye between 1O°T ind 

120°) Intrinsic accuracy is 10 of 
( ale range SCHL ire hand-drawn Ol 
white enamel. Small flash-light cells are 
easily replaced Lewis Engineering Co 
Vuu u 


Moisture-proof 
Selector Switch 


New No. 80S rotary selector switeh is 
mack in 1) iw ill mounting model (il 


vith entire front plate remo, 


lustrated) 
ible for att iching leads to the rmocouples, 


y 2 panel-amounting model 


ere na I! 
with dial plate raised so that it will be 
flusi na ith entire back plate remoy 
absle \ itches have an “Of? position 
Vitch positions Car 
red i tock: 4, 9, 12, 18, 24 and 28; 
Brushes are of pl osphor 
5 ror Action is make nd bya ik bot] 








auctor of crreult. Connector ire 
" nad-short purrs for case in identi 
fvin polaritv; and = binding-posts are 
tamped with numbers corresponding to 
switel positions for reater convenience 
Dimensions 6 6 7 deep. - Lewis 
/ pineenrt { Vaugatuch U 
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LIMITROL 


Temperature Limit 
Pyrometer 


An automatic, limiting heat Shut 
Off device designed to shut off 


the furnace at any pre-set ten 
perature. Fully automatic all 
electrical in operation no me 
chanical contacts or working parts 
simple in construction. Offers a 
positive method of preventing 
over-heating of either furnace or 
furnace load. Its low original and 
maintenance cost makes it an 
economical instrument to own. 


Complete Catalog 'G PRICE 


Sent on Request $87.50 
WHEELCO INSTRUMENTS CO. 


1933 SO. HALSTED STREET, CHICAGO, ILL. 

















Ultra Thermostat 


(AFTER HOPPLER) 
Temp. Constant 0.02° C 
Temp.Range —35° to . 250° C 
For 
REFRACTOMETRY 
VISCOSIMETRY 
SEROLOGY 


Completely automatic, 
self-contained. Delivers to 
the instrument for con- 
tinuous service 5 liters of 
constant temperature liq- 
uid per minute. 


Bulletin HT-254 on request. 


JENA KPG 
ALL GLASS STIRRER 
For ' 


Vacuum Pressure) 


Replaces clumsy mercury seal. No suppi 
mentary seal or stuffing box needed. Pres 
sure differences as great as 100 mm. of 
mercury between inside and outside of flask 
cause no leakage. Also keeps out impurities 

Apparatus, as supplied, consists of bear 
ing and shaft precisely fitted to each other. 
Inner surface of the bearing tube is accurate 
within | to 2 microns. 

Leaflet IS 262 on request 
frailable at leading laboratory supply deaters 

FISH-SCHURMAN CORPORATION 

250 East 43rd Street New York City 


U.S. Agents 
Jena Glass Works, Schott G Gen. 
























Speed Limit Control 


Tachometer 


Said to meet demand for 
vice that would instantly giv 
of overspeeding of diesel or ot 
of engines, “Reliance Speed Li 
trol” tachometer has a pair 


installed in a standard tachome 
Contacts close when i pred 


speed limit is reached. This lin 





whei the tachometer is asseml 
is Clearly marked in red. or 
engine speed reaches it, 
Close and (1) ene rvize a solenoid 
device to Ope rate mechanism 
hold exhaust valves open or ¢ 
supply line and thus stop the 

(2) operate a light, gong or other 
ing device without stopping the 
Where it would be 
down the engine, devices can be 


to command 


undesirable 


ittention of operator 
ind then shut down engine if. he 
to appear ithin reasonable time 
hea Nfock ‘ ('s (C‘ambridae V 


u ua 


Hand Tachometer 


New idea embodied in_ lates 
Coats Hand Tachometer is that 
makes two revolutions in— enc 


ranee, inste id oot customary cre 





lut?‘on. It will be seen that ft 
scale reads from 25-S0O rp.m. and 
scale continues from 90 to 3 1) 


3 in diameter and the two f1 

tions of the hand thus provide 
graduated seale length. Three me 
ranges are available: 25-300, 250-3 
2500-30,000 r.p-1., ind these are ¢ 
by turning the knurled ring. Elin 
outside thumb-gearshift made it 
to reduce length of tachometer 
Tachometer is of the cross-pel! 
tyne, resulting in dead-beat indi 
Vachine Tool (ompan 


West Oth St.. New York, N 


{ oals 






































Vacuum... 
Thermocouples 





Ranges from | milliampere to 10 
amperes, in either contact or sep- 
arate heater types. Prices from 
$3.90, quantity discounts. 


Write for Bulletin “A” 


AMERICAN 


Electrical Sales Co. lac. 
67 E. 8th St. New York, N. Y. 














To. Gauge the Progress: 
of Today's Accelerated 


Pace... 


In Industry, Science 
and Transportation ... 
The need for Accurate 
Timers assumes Greater 


Importance... 


GUINAND; GALLET 
GALCO and SECURITY 


Timers set the Standard for 


Enduring Dependability 
Write for Catalog 7F 
JULES RACINE & CO. 


f 20 WEST 47TH ST., NEW YORK 





Interval Timer 


“Model A” 
timer 1s 


New 


driven 


synchronous-motor 
primarily for 
installation as an integral part of various 
electrical appliances 
erative on a 


designed 


ind equipment op 
predetermined 
is processing machinery, ete. Syn 


time 
such 


chronous motor is slow speed, self-start 





ing with enclosed gear train operatir 


oil. Switeh is light 


icting, quick-make 
mechanism, with silver « 


tacts, totally enclosed. It will operate in 


quick Drea 
inv position, is not affeeted by ordinary 
vibration nd will no radio inte 


ference Rated at 10 


CAUSE 


umps., 120 volt 


L.A J amps., 220 volts, ace. Normal switel 
life is said to be one million operations 
it rated load Three tvpes of contacts: 


(2) Normally closed; 


throw: One contact is closed 


(1) Normally open; 
3) Double 
during timin hen indi 


followed 


intervals opens w 


to zero, instantly 


other contact. Thit 


cator returns 
by the closing of the 
trom 


teen standard timing seales rang 


one-minute dial with divisions in seconds 
eight hour dial with 15-minute 
divisions.—-R. W (Crame C% In 


Irving Place, New York ¢ 


up to an 


Program Clock and 


Process Timer 


timer has 


l-hour dia 


Standard model of this new 
one large 24-hour dial and a 
connected with in 
contact arm ride dial 
24-hour dial at 
operate The 1 
hour dial cam has slots 15-min 
At each 15-minute period one 


cam ‘| wo pointers 


electrical each 
Segments are cut in the 
the periods signal is to 
each 
ute period 
pointer drops into a slot on the l-hour 
contact until the 


both dials 


dial, but cannot make a 
Time is reached. ot 


both 


pres¢ if 
Then 


moment, resulting in 


winters drop at the same 
} | 


i contact with rin 
predetermined 
period F offered. In Type 


P-24 the time periods ire set at the fac 


signal for 


ing of the 
our types iT¢ 
signal seconds, Or 


tory ind operates 5 


is predetermined. Type P-524 is similar 
except time periods can be set or changed 
ype P-24A is like P 
operating period is adjustable from 1 

15 seconds: while Type P-524A is simi 
lar to P-524, but has adjustable 
ing period of L to 15 seconds 


turer calls attention 


inv time 24 except 


Oye rat 
Vanut 

flexibility and 
processes Or time notif 


wide variety of 


cation periods: Ninety-six signal 
during each 24 hours made yp 


Zenith Electric | South Dea 


b isSIs, 





S-M-0-0-T-H 
VOLTAGE CONTROL 
for A.C. circuits 


The Type "TH" Transtat is the new 
continuously variable auto-transformer 
regulator ... the ideal voltage con 
trol for a.c. circuits. It offers high ef 
ficiency, good regulation, great flexi 
bility and dependable construction at 
moderate Standard types are 


available for controlling voltage to 


cost 


single-phase and polyphase loads 
rated 10 Kva. and smaller, 50 or 60 
cycles, 115, 230 or 460 volts. May we 


send you bulletin 51-| which contain: 


complete data? 


-ATRANAT~ 


VOLTAGE REGULATORS 


AMERICAN TRANSFORMER CO. 
178 Emmet St 


New ark N ~ 


























INSTRUMENTS 
FOR MEASURING 


SPEED 





For many years we have made a 


specialty of engineers’ speed meas 


uring instruments, and today we 
otter a variety of high grade tact 
ometers and speed indicators, 

cluding the vibrating-reed tachome 
ter here illustrated Descriptive 
Bulletin 


request 


1505-I will be. sent 


| ELECTRICAL > 3 INSTRUMENTS | 
Seeneeneenemmmene ————¥, A = J 


« - i 
1211-13 Arcn Streer “~~ Priapecenia Pa 





JAMES G, BIDDLE CO. 
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Battery Condition 
Indicator 


( t indicating lead-acid stor 
roe ithout | icing 
l C1 hich it 1 
( T erTrves iso fT Ti 





fe Cl ryving rate ind to shov 

hen « rging is completed. It is sup 
l-zero instrument with an expand 

centr region of scale As made for 
batters sers, scale is divided into three 
( ( ( ! ippropriately colored 


For testing idle battery, “dead” portion 


is colored red: low charge portion (I. to 


Is. vellow; ind green ( to EF) 

r esel battery charged Right-hand 
reviol i guide to efhcient charging: 
hows ife rate; vellow shows bat 

ery I r'y charged: red warns of de 
tive overcharging Ready-to-install 
includes selector switch and proper 

ber of fused clips, ete., for any given 
nber ot batteries fustrument Spe 


Little Falls, N. J 


Thermal-magnetic Trip 
Device for Breakers 


For chment to maker’s Types BD 
nd HD r circuit breakers (see /Jnstru 
4 ey 1LO34, page 267 ) this new 
thern magnetic trip permits high over 





T¢ I ( ic'¢ ain iT 
l re l 8) ed rhe 
y ( l e bre er betore 
( ‘ ‘ ed. Si 
e f ir its 1 rene ymarticu 
\ ( nended f I r circults ft 
cve Ing rtil ( ents 
j \ i / 
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WHEELCO Portable 
Potentiometer 


@ Spr 1 

eH 

@ \ " t 

e \! I jels 
} , I d 

@ ‘ I 


Wheelco Instruments Co. 
1938 So. Halsted St. Chicago, Il. 




















INSTRUMENT SWITCHES 
and 
ACCURATE RESISTORS 


SINGLE 
OR 
MULTI- 
DECK 





These switches can be supplied 
with various number of contact 
points, are compact and rugged 
with very low contact resistance. 
Mod'fications of standard switch 
can be made to suit various re- 
quirements. Switches can be sup- 
plied with resistors mounted. 


Resistance 
Range from | 
ohm to 10 
megohms 





The Shallcross wire wound resis- 
tors are used for decade assem- 
blies, accurate to |/10, | 2, | 4, 
and |°;. 


Send for Bulletins 500-HA and 121-HB 


SHALLCROSS MFG. CO. 


COLLINGDALE, PA. 


is 6” Jeng and weighs about 
makine hardness tests, the 1 
laced on. the WOrkK ind 

top of the barrel is then pre 

L} pointer automatically indt 
hardness on an enclosed s¢ ile i) 














Portable Potention ete; 


A ney port ible potentiomet 
designed and built for use i; 
laboratory service is available 
different models: “Model 810" 


For illustration see maker's 
advertisement on this page 


Junction compensator ; “Model 
cold Junction compensator 

box: “Model 330° with cold 
compensator, run-up box, and 
thermocouple line compensating 
When used 


. checking Instrument 


with thermocouples, 
become S 
curacy nd sensitivity said 

higher than any direct-reading 
ter. It is 


standard cell, and is equipped 


standardized with re 


cision slide wires and = multipli 
vanometer is of regulation d 
suspension type, complete with 
zero adjuster. Seales are obtai 
brated in millivolts or in degree 
heit or Centigrade, or both 


Instruments Cc S A 


Tool Makers’ Hardness 
Tester 


pocket-size indicati 
ness tester is fashioned some 
the maker's “Model D”. di 


hel | eroscope, but is so designe 














can be operated as rapidly is 
matic center-punch. It has the same > 


Brinell conversion hardness scale 


found on the larger model. A d 
pomted hammer is used, toget 

nk improved cluteh mechani 

suitable ttachments, tests « 

in bench vise on surface plat 


is. free-handed The instrument 
















3S 











Rawson 
rwin Multimeter 





9 ranges in less space than any near 
equivalent combination— 


size 12 x8 x6 
RANGE OF MEASUREMENTS 


+t Price $165.00 


Rawso measuring instruments are the 
es having two pivot movements whose 

sht is lifted from jewels when clamped for 

sit Electrical clamping does not accom- 
this purpose 


Rawson Electrical 
Instrument Company 


POTTER ST CAMBRIDGE, MASS 
Branch: 91 Seventh Ave., New York City 


Representative: E. N. Webber 
1313 W. Randolph St., Chicago, Ii 


Mercury Plunger 


illustration: plunger 


For illustration see maker's 
advertisement on this page 


glass tube is standing ready to be 


, closing circuit 
is deénergized, plunger 
top of mercury. Design is such 


ire center shielded by 


has been obtained 














PORTABLE 


WHEATSTONE BRIDGE 





gerade instrument for measuring 


tances from a fraction of an ohm 
I ohms. Contains a 4-dial rheo- 
0 dial, galvanometer and bat 
enclosed in « substantial wal- 
Nine coils per dial. Accuracy 


Send for Bulletin No. 105 


RUBICON COMPANY 


Electrical Instrument Makers 
’ North 6th St. Philadelphia, Pa. 








Patives 
ind 


projected down on. the drafting table by 


projectors, one red light, 


justed to produce exactly the same 


corresponding 


three-dimensional 
prick 


contour map he employs 





switch ire 
3 relay or as across-the-line 
starter. Operating principle can be under 
within 


vulled 


Ihis 


ind 


When coil 
floats on 


hoi 


nvey 


ind 


wing 


Dimensions 2 


tories 


Pa 


Two-color Stereoscopic 
Contour-map Table 


} 


id 


rela 


camera occupied 
I 
neva 


spect icles 


then 


single 


the 
that 
hi 


draw 


con 


in illuminated pinhole mounted 
point ot 


{ ich 


stereo-m ip 


by i 


few 


ierial photogr ipher 
Optica 














You will be interested 


in this NEW 


A-C. RELAY 





FEATURES 


1. Only one moving part 

2. No hum or chatter 

3. Mercury to mercury break 

4. 30 ampere rating 

5. No exposed arc 

6. High speed closing end 
opening 

7. Corrosion, dust or dirt can- 
not stop it 

8. Listed under Reexamina- 
tion Service of the Under- 
writers’ Laboratories, Inc. 

9. Easily installed 

10. Maintenance free 


U. S. and FOREIGN PATS. PEND 


H-B ELECTRIC:COMPANY,. Ix 


silts *<H>XB 
Clip oupon and attach t etterhea 
H-B Electric Co., Inc 


2502 N. Broad St., Phila., Pa 
Send me Bulletin ''A 

Name 

Company 

Position 


Address City 
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Air Flow Indicator 


| boavir ever refinements which 
formatically compel ite against sources 
1 ¢ CV orrected DY Compu 


presents the most 


advanced form of 
thie Rese irc An 
Flo Indicator, of 
nicl the first 
model is brought 
out Om ¢ fifteen 


years vo L'nae 4 
the A.S.M.1 


this new 


ClaASS 


hheation 


model still belongs 
to thre ~ are " class 
“cone ind disk” 
type by virtue of 
its primary ele 
ment, but is i 
whole lt would 
seem to represent 
i type is vet ul 
Classified, for thre 
Core ind disk it 
rangement is Su] 
mented by 


pressure-drop com 





pensator COMPTIS 
ing a differential 
nanometer ind i motor-driven blower 
Pu tion - compensating diaphragms in 
‘ model have been ye rfected so that 


metering eliminated without 
effects in. the ir 


, When instrument 


errors ire 


it ducing undesired 


o¢ rburetors, ete 


el in engime studies. True volumetric 
aqdines re id to be obtained regard 
( f triations in atmospheric pres 
¢, temperature or lruradity As witl 
instruments made by this manutac 
‘ Ci 1 custom-made, in that it is 
” eted til customer's specific 
i“ 1 received (ommercia IKnai 
ee Lats fories Woodward 
iD Viel 


Pocket CO,, Analyzer 


New Dwver Pocket CO. Indic 
the first that can be 


itor is 
id to be safely 


; 


carried in coat pocket, without sacrificing 


ecuracy and ease of operation. Con plete 
with e¢ 
ind all 


it weighs less than 


irrving case 


ICCESSOTIES 


3 Ibs. Accurate re 

sults are said to be 

easily obtained in 

the hands of an in 

Np rienced Ope ra 
: tor. Tests are made 
h while the indicator 
| is held by hand or 
ral in the clip (pro 
i vided in carrying 
tal 


Cuse ) 





Gas sample 
is pumped in with 
strokes of 
bulb 
i plunger IS 


Re iding 


1 doze n 


isplrator 


' 
’ 
J 
‘ 
J 
: 
‘ 
‘ 
’ 
‘ 
: 
4 
. 


while 
held down 
is then taken from 


the mereury column 


Bag u y 





ibsorbing 


it | been raised and lowered. Body 
fu rument is made from a new prod 
et of the piasties industry said to offer 


dvantages revious materials It 


over }) 


. colorless, and unaffected by caus 


is crear 


tic solution. This is not 


i molded product, 


but cut from a solid block with all the 


bores drilled and reamed to size } | 
Diueye Ufa. ¢ iW Washinagte 
Blvd (‘hicaae / 
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AC-ME JUNIOR 
SPECIFIC GRAVITY GAS 
BALANCE 


A Portable Instrument 
With Laboratory 


Accurac \ 


Beam with 
Float and Indicator Balanced 


on Suspension Springs 


Provided with External 


Locking Device 
for 


Catalog No. 22 


1c-Me and R.S. Instruments 


The Refinery Supply Co. 
621 E. 4th St. Okla. 


Tulsa 














There's a BECKMAN pH METER 


TO FIT 


yout pacticulac PRosiem 


The Laboratory 
tific worker 
ind versatility 


Model—for the 
Combines highest 


scien 
iccuracy 
Special Electrodes for 


every research problem Continuous 
non-ballistic) indication of circuit un 
balance 

The Industrial Model (illustrated 
thove)—for Plant and Field use. Com- 


and 


automat 


Glass 


bines Operating Simplicity 
ontinuous 


Shielded 


Rugged- 
pH In- 


Electrodes 


ness ( 
dication 

{utomatic 
rutromatic 
plant in 


s Model—tor 
Completely 


Process Cont) 
Control 
pH Indicator and 


stallations 


Proce SS 


Recorder for 


Bulletin N-5 


these 


mstruments. 

























Air and Gas Flo 


Indicators 


For me 
In oraer 


tions, “are 


ire anno. 





\ line « 


1Y ind flo 
Huds Angle tv} 
ne? tty the \ 


used for 
for tersypre 
s00°F ine 
for higher 
Outer tube 


16 0.02" s 


the 12” si 


0.02" stati 


fubing is 


Both tube 


tip under a drive fit, no soldered 


joints in the gas stream. 


tube is ¢ 
set with 
ihe state 
Pitot tube 
the flow, 


parallel \ 


trated) is 
which the 
ently 
the 
ingle of 


INS 


low er 


pressure tl 
faced al 
means of 
t true an 
through tl 


(fade 








isuring 
to cont 
uv” mete 


inced in 


t] 
C 
ad 


t 
i 


fle 


{ 


pl 


at 
it 
C< 


\ 


bye 
ina 
ay 
Vl 
tr 
tr 
ay 
tie 


Glas f 


Pitot Tubes 


it Pitot 


the out 
swatures 
1 stainle 
. <¢ Tipe 


of the 


ities in fts’/hr 
1-30, 10-350) 20-4 
POO) Paper hy 
brated tube is 
vlass. Each tubs 


brated in con jung 


ecihe eravity 
gage pressur 

> 6 water colur 
more meters 


or 


used to 


or 





flow-rate of 
rol Yas burnis 
rs of the free-f 


four sizes, wit 


ie float provided 
libration is 


proport 
r\\ ot severa 

muffle or. retor 
mixture Of gase 


oved for heat 
for the proce 
iterials under 


mosphe ric Corl 
mstruction 1s 
hile inlet 
ittom, outlet cor 
iv be at either 
Float is 


; 


when meter 


must 


ttom 
sible 
insparent gas: 
ation it Is) seer 
ttom of sc 
ms thus ire (iT 


u ace 


Whoes Is inne 


\ Mmecasuremel 
( Is made I! 
MLE. coat 
er tube 
up) to 
SS STCE 
ratures 


STATIC > 


lo, 20 





— rT 


tatie ho 
Lal. 

ze 1s 

¢ holes, 
i.d 

used ft 


S are 


entered 


i. drive fit, in front o = 


holes 
nozzle 
static 


ith the 


straig 


for use 
ingle 
rted 
id of w 
YY”. trar 
rough t 
right il 
t conic 
pact p 
ie outer 


i 


driven 


connector 


ty pe Cc 
Outer 





IMPACT 


o.d., Wit 
ICS, nd inner 


duter 


tube o 

o.d., with 
ind the inne 
Nickel 
rine 


silver 
tube 


onto the 


Inner 
with t disk. 
lo line the “=z 
parallel wit! 
sten 
san 


nozzle and 


ht-stem ty 





I 
in thick wal 
innot be 
tube is 

hich is machine 
iwsmutting a tri 
he 1.” inner tubs 
wiles to the fl 
il tip, facing the 
ressure 1s trans 


tube Ellis 


Ot Chi 





i vté 
















3R ACCURATE 
-AS ANALYSIS... 














HAYS Portable Combustion 


in high favor with trav- 
‘engine ers. The one shown above 

ides a 3-unit gas analyzer (CO2, 

ind CO), a metal armored flue gas 


ts are 


ometer and a Dry Type Draft 
ive, Each unit may be used inde- 
ndently of the others. The Hays is 


wn as the “world’s fastest Orsat” 
omplete analysis within 3 to 4 min- 
Extremely accurate, sturdy in 


struction, compact in size. Many 
ther types available. Send for Cata- 
37-253. Write Dept. 11-5-8. 











| 142 W. Austin Ave. 


The Aull Purpose 
|AIR VELOCITY METER 


** Alnor’ 
V elometer 






Instantaneous 
Direct 
Reading 


No Timing 
No Calculations 
Write 
for Literature 

ILLINOIS TESTING LABORATORIES, Inc. 
Chicago, Hilinois 





















| 


Surface Temperatures 







Stationary “i The “Alnor” 

er 

Moving Combination Pyrecen 
Curved 

Surfaces 


Ideal for rolls, molds, 
plates, platens and 
plastic material temper- 
atures. 
Write for bulletin. 


/ illinois Testing Laboratories, Inc. 


142 W. Austin Ave. Chieago, Iilinels 































| NEW “ALNOR” PORTABLE 
PYROMETER 


Shock Resisting. Has 
5"" Mirrored Scale 
Contained in All 
Metal Case. 

Write for 


ILLINOIS 


Details 


TESTING 


LABORATORIES, Inc 


142 W. Austin St., 
IHinois 


Chicago, 














Air and Gas Flow 


Indicator 





New Air Flow Gage gives volume-rate 
flow measurements of ir and gases 
cross an orifice on a scale with uniforn 
divisions. Square-root movement ¢ sist 

~A 

Y 
= ut eve 

! 
foa pointer ith camtrack in pointer 
counterweight, and 1 cam linked to 
gravity arm of power unit. Pointer is 
carried on knife edge fulerum bearings 
under fulcrum bearings of power unit 
ne ind track move 50°, 25 above 


unit con 
within 


horizontal. Power 
gasometer bell 
bell. This 
eliminates buoyaney loading 
plus pressure, thereby 
\ seal prevents oil blowing 


ind 25 below 
sists of a moving 
a stationary differential sys 
tem weight 
with enhancing 
sensitivity 
out of 


excess of 


the pan under pressure surges in 
range. The liquid used js 
t refined petroleum oil of 36 to 39° Be 


scale 


Fuel-air-ratio: This gage may be had 
vith two elements for proportioning air 
ind gas flow. Accuracy: With 4” differ 
ential pressure, variance is less than 
0.06” differential Ellison Draft) Gage 
Co , W. Kinzie St Chicago, Ill 


Bending Fatigue Tester 
been designed 
properties of 


This new machine has 
ermining endurance 
cardboard, celluloid, 


. under conditions 


tor det 
paper, 
corresponding 


vI7Te, eCt¢ 


For illustration see maker's 
advertisement on this page 


combination of stresses met with 
Printed matter such 
example, 
papers which resist 
crimping, folding and 
is carried out by 
hung vertically, to a 
which is 1l0¢;, of its 
strength and under this tension it 
jected to a repeated bending 90 
ind right of the 


to the 
In service as maps, 
drawings, ete. for must he 
made of 
bending 
The test 


sample, 


repeated 
~ isting 
subjecting the 
which is 
tension tensile 
is sub 
to left 


same sec 


vertical at the 


tion until it breaks. The number of re 
versals to failhire is registered. It 1s 
calied the fatigue bending number for 
0c, of the tensile strength This test 
ean also be made for 2507, 500%, 74% or 
hah other percentage of thre tensile 
strength Dead-weight tension car tye 
varied from 50 ¢. to 5 kg. Angle of anal 
ean be varied from 90° down to any de 


sired angle Testing Machines, 1 
West sth St.. New York Cit 





metal foil, 











CONTROLLING CINCINNATI'S 


FILTERING 
Costs 


One ot forty 
tilter control 
panels in the 
new Cincinnati 


Water Purifica 


tron plant 
I ich contains 
i Cochrane 
Flow Rate Rec 


order and a 
Cochrane Loss 
of - Head Re« 
order ilso 
switches tor 
his 


| F 
electrica 


Operating influ 





ent, effluen 
wash Wale! 
ind sewer 
valves 

« 


This is only one instance of the flexibility 
and adaptability of 
equipment 
tinuous 


Cochrane 
For providing 
records of fluid 
reliable operating 
rane Meters are unsurpassed 
racy that they are 
accurate within 1/5 of 1° of 
under full load 


metering 
accurate, con 
will 
guides, Coch 


Their 


Cuaranteed 


flow which 
serve as 
accu 


Is SO prec ise 


absolute 
Write for Publications 094 ) 


COCHRANE CORPORATION 


3120 N. i7th Street Philadelphia, Pa 


OCHRANE 








SCHOPPER Precision 
Bending Fatigue 
» Tester 





durabil- 
ity f t 










Most materials are subjected 
only to abrasion but to repeated 
stresses. This machine subject 4 
specimen to combination tests a 
cording to i tecnnique based o 
‘ideal bending fatigue number 
I 
: correct “8 \ « 
T your 

TESTING MACHINES, Inc. 

166 W. S4th Street, New York 
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High-speed Steel 
Measuring Wires 





ete 1 itche 6, &. 9 
l ll | 13, 14, 16, 18, 2 22, 24 
b, 2S, 3 $ ad 3b tel Use f higt 
‘ ‘ ‘ ite ‘ carbo 
$ ad ‘ { In a 
‘ ( l 1h 1IS¢ ot 
‘ ive Set 4 turn ed con lete i! 
therette-« ered ¢ ( The Van Weur 
‘ ) i S?t., Watert 
V 
Shop Indicator 
I rt “Univer Junior Indicator 
N 94 hall contact is frictionally held 
! vy be set to touch the work at any 
ed t ~~ t ( hicl hold contac 





r ‘ ned col pletely irround 

} ‘ dic ‘ be " through 
f circle when mounted on the shank 
This 1 ke If possible to keep gr iduated 
el nost convenient position Indi 





be] minted of ide of one end 
ro » of the other when 
aii ton Past, r removed trom sl int 
{ hed the pea fa height gage 
\ ( i a el ranue T 
| Indi t st 2 ong: shank 
x ) by &. & 
/ V 
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EXTRA 


IT’S RED! 


Now you can purchase 

pure mercury thermom- 

eters with a wide RED 

; column at no extra cost. 

< : Can be seen at a great 

. distance, through steam, 
smoke, dust, cic. 





| For a Guaranteed accu- 
| rate and reliable ther- 
mometer, which is very 
easy to read, specify: 
PALMER 
“Red-Reading-Mercury” 
« THERMOMETERS 


> Sn Write for 
~=} = . Free Catalog 


THE PALMER COMPANY 


MANUFACTURERS 
1.8.0.M., Laboratory and Industrial 


hbermometers 
€ vele 





on your next order. 


\ ‘ ; ) 

















2 


= 


Var 





vf 
4 
Fy 
t 


Set-up Registering 
with Productimeters 


Accurate set-ups of tools, rolls, 
blades, presses, etc. can be re- 
peated quickly when Setting-up 
Productimeters are geared to 
spindle feeds or screwdowns to 
register the setting in thou- 
sandths. Once correctly made, the 
setting is read on the Producti 
meter and recorded to guide 
future set-ups for this job. 


Model SMIB-5 above insures cor- 
rect draft on steel mill rolls 
Get our recommendations on 


set-up and counting problems 


Productimeters 


THE SPEEDOMETERS OF INDUSTRY ” 
~ ad 


DURANT MFG. CO. 
1930 N. Buffum St., Milwaukee, Wis. 
182 Eddy Street, Providence, R. ! 


Sales Offices in all principal cities 


TELL US WHAT YOU WANT TO COUNT 














Optical Protract: 


For measuring angles on sn 





































this new device comprises 
ind a circle of SOmm (<3 


vided in degrees and readabk 





utes by vernier Circle carric 
cross-hairs with which setting 
Cross-hairs are adjustable so 
intersection may be made to 
with iXIS of rot ition to ny 
degree of ccuracy For 


ljustments the circle is rot 


small pinien. For application 
lime ir iS well is ingular Thi 
ire to be made, L scale or filar 
micrometer may be mounted or 
tractor (faertner Scventine 

iW rightwood {we hicago / 


Motorized Reflex- 
Brinell Machine 


Said to be first motor-driver 
Brinell testing machine giving: re 
standard Brinell units, this me 
shows directly ind Lutoraty 
uneters” of the ball impressior 
quired 1 A.S.T.M 


Brinell hardness testing It is 


speciti 


designed and constructed for ray 





tine production testing. ‘Test-c\ 


j 


just ible from 10 to 60 seconds, 
that load is tutomatically incre 
desired maximum, maintained there 
i standard period, automatically 
to zero. Loading is by weights 


single lever system and_ oil-dasl \ 


; 


load is decreasing, operator has 
fied image of the bal impressior 
viilable, on ground glass seree! 
no time is lost. ‘vest loads are 
by special bolt arrangement, 
need of handling weight disks. I 
ers: Brinell balls of 10, 5, 2! mn 
Viekers diamond pyr imid; ‘Test 
120 to 3000 kg: Vertical clearance, 
16 Herman A. He f Ie 
New York City 

















implify 


your Gauging 
WITH THE NORTH SIDE 





AMPLIFYING 
GAUGE 
Used more rapidly than snap 
gauges and gives more useful 
esults. Well adapted for use 
unskilled labor. Handles all 


shapes, up to 514” high on table 
ind 8” in length between cen- 
ters. All styles from universal 
(illustrated) to plain single- 
purpose models. Highest work- 
manship and best materials. 


The North Side Tool Co. 


7-19 Maryland Ave. Dayton, Ohio 

















Du MONT 


Type 168—5 Inch All-Purpose 


OSCILLOGRAPH 


This modern Cath- 
ode Ray Oscillo- 
graph incorporates 
many advanced fea- 
tures. It employs a 
Du Mont type 54- 
XH, 5 inch Cath- 
ode Ray Tube 
which provides a 
hair line trace, unt- 
form ftocus over 
the entire screen, 
long life and high 
intensity. The fea- 
tures of two stages 
of amplification on 
separate power supplies for 
tube and sweep circuit 





he vertical, 
e cathode ray 
suring no interaction of controls, a high 


in sweep expanding amplifier which 
- 

lows observation of waves of much 
igher frequency than the fundamental 


equency of the sweep, are only a few 
the features which make the type 168 
outstanding instrument. 


‘ 


For complete details write 


Allen B. Du Mont Laboratories, Inc. 


Passaic, New Jersey 














Precision Comparator 


designed for spectrometri 
M1201-80B is 


ble for practically all classes 


WOrk, rhe Comparator 


laboratory ome 


of shop and 





within its rane ind stage capacity 
Range is 100 mm., direct-reading to 1 
micron. Throat depth is 150 mm. There 
fore, measurements can be made on iny 
point of 1 5 6 specimen without 
turning it (and any point on a 10 12 


turning it). Thicknesses up 
Maegnifica 


iailable 


specimen bs 

to | can be 
tions from 5 to 35 ire 
Total-length 
(los4oq ) at 
( (325° 2.) 

eliminate 
For rapid 


iccommodated 


iecuracy Is Lo micron 
room temperature of 22.5 
Lead is corrected to 


screM 
progressive ind periodic er 
tlignment of 
wUxiary 


range of 50 mm. Unusual con 


rors. specimen, 


stave can be moved on an slide 
having a 
venience in making observations is said 
to be afforded by arrangement of drums, 

; shetalier tee 


e., Chi 


ignifier, etc (jaer 


Wrightzwood 17 


scales, Ih 
fific Corp 


caago. Ill 


Motor Starters 


Addition of two new 
to maker's line of control 


nounced: “Bulletin 2851" manual acros 


motor starters 


devices is an 


the-line motor starter and protec 


type 





tive switeh has thermal overload protec 
tien, with push button operating feature 


\ depression in cover of steel enclosure 


prevents iccidental contact \ new 
mechanism operates silver-to silver butt 
type contacts. “Bulletin 4002" a-c. auto 
matie across-the-line tvpe motor starter 
for aon-reversing service provides ther 


protection, push button 
| itch 
' 


is position sé lector s\ 
‘automatic,’ starter can be 


mal overload 
operation and 
In cover. On 
] } 


remote control ta 


66 fF? position it 


operate d only from 


thon or pilot device. In 
In “hand” position it op 


is noper itive 


ftavs-iIn runnin 


erates immediately and 
vitch is turned to “off.” 
Vou ng 


position until 


nard Electric ¢ 














eitz 
POLARIZING 
MICROSCOPES 





For every type of routine and 
research investigations of min 


erals. 

A most complete line 
petrographic microscopes 
well as their accessories 


oft 


as 


for 


mineral identification, from the 
simplest models to elaborate 
stands, such as the well-known 
model “SY” with synchronous 


for the nicol 


like 


rotation 
Accessories 


prisms 
KF ¢ dorow 


Stages, Integrating Stages, Slit 
Micro-Photometers, Berek 


Compensators, etc., are 


i 


adaptable to any of these mic- 


roscopes. 


A complete 
contained in 


desc ripuon 


our 


IS 


( ataloguce 


V-B-V, which will gladly be 


furnished on request. 


E. LEITZ,inc. 


730 Fifth Avenue, New York 


Chicago 


Spindler & Sauppe 


Los Angeles and San Francisco, ¢ 


Washington Detr 






























































































Weather-proot 
Phototube Relay 





t t hye ( tertig! Cust a 

‘ \ specially designed resistor 
mounted in the top of the case, with 
for dissipating heat. The unit is de 
igned for 115-volt d-c. operation G-M 
Laboratoris Belmont Ave Chi 


Photoelectric Control 


Model 50” 


ete with light source is a general-pur 


photoe lect ric relay cou 


vse control operating on 110-volt 6 


Internal telephone — type 





} 
] 


1). relay carries a load of 2-amp 


110-volt non-inductive. Model 50 requires 

minimum of 3 ft.-candles on the photo 
ell. Impulse interval minimum is M4» 
sec. The control has 1-RCA 6j5 amplifier 
tube and 1-UC(¢ photocell 1105; the light 
source is furnished with a 32-ep. automo 
bile type bulb, will operate control at a 
distance of 25 ft., is supplied with a 


Bausen & Lomb 2” focal length lens 


Four BX knock-outs are provided 
I iring and all terminals can be un 
ered by removing two serews fasten 

the otton piate Lhe light beam 

iv enter two sides of the box, special 

ock-outs bei provided. Life of vac 

" tube iverages ibout —500 hours, 

ile hotoce hould operate Ipproxl 
nately 104 hours United Rlectre 

Indust Ra St. / 1 Island 

( NY } 
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HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS 
The SCLEROSCOPE has done it for 


the past 30 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


Illustrated 
bulletins 
free. 





The Shore Instrument 
& Mig. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N.Y 














% NATIONAL * 


RHEOSTATS 


Ask for Catalog No. 5 
National Electric Controller Co 
5317 Ravenswood Ave., Chicago, Il 














AQ TYPES OF 
MEYLAN STOP 
WATCHES 


1 watch for every purpose 





Ask for FREE folder 
No. 5W fully illustrat- 
ing and describing some 40 types of 


stopwatches. No salesmen will call. 


REPAIR SERVICE 


for all kinds of plain and complicated 
stopwatches. Send to us for estimates; 
no charge, no obligation 


A.R.& J. E.. MEYLAN 


"Specialists in timing instruments"’ 
264-66 West 40th St., New York City 








Sales Engineer—Testing Machines 
Graduate mechanical engineer who is thor 
oughly familiar with the structure and use 
of the principal types of physical testing 
machines, competent to discuss standard 
testing practice and theory authoritatively 
ind qualified to sell testing equipment cap- 
ably, is wanted by a well-known manu- 
facturer. Headquarters will be in New York. 
Please give full particulars as to personal 
background, engineering training and ex- 
perience, previous connections, qualifications 
for sales work and other pertinent particu- 
lars. Reply Box 2X"', Instruments Pub- 
lishing Company, 1117 Wolfendale  St., 
Pittsburgh, Penna 























dhe taliatte 


‘ ; 
made by HaslerseBerne, Swityrland 
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sa for mew bulletin 





t R.W. Cramer & Co. 67 Irving Place, New Vork.N v 

















Photoelectric Contr)|s 


*Photoswitch” is designatior 





line of photoelectric relay ce 


austrial 


ipplic itions, operati 
Olt a-¢ or d-c supply, with sey 
SOUTCEeS 
from, var 
of rela 


ind Isc 
vices 
Ilustratic 
gs ok pe \ 
Slgened f 
speed Ope 
(impulse 
mininun 
for distance 





20 ft.. which closes controlled 
when light beam is interrupted 
other ivpes are “Pype A20” fi 
up to LOO ft.. and arrangements 


totalizer 


mote counters and time 
life of vacuum tube is 1000) ho 
rent consumption of Photoswitech 


IS 30) \\ tts Photoswitch line 


nul Sf Cambrid ae Vass 


Universal Microscope 


Of radically new design, and 
be more nearly universal than ar 
optical equipment, the “Metaphot 


mits 1:4 following classes of wor 






Screen for drawing. pro 
ecting, or photograph 
mg. 98 


visual examination, (2) photograp 
projection, (4) tracing and (5) 
stration n connection with fo 
methods of illumination: (1) transt 
light in bright-field or dark-field, (2 
cident light in b-f. or d-f., (3) uni 
incident light, (4) polarized in 
light, (5) fluorescent light. All uni 
mounted on one = cast-iron base 


even includes the bellowless camet 
irranged that monocular obsers 

eyepiece or observation on scree 
both equally convenient for Ope rat 
sits in natural posture for any ¢ 
work. Change in magnification is 0 
vithout bellows through a patente 


ocular. Objectives and evepleces 


make can be interchanged. hoice 
mm. coneentric rotating stage or | 


stage with verniers.-¢ 


Lafayette St V ex 


mechani 
S he rre¢ 


itu 

















ctable 






Cooling Unit 


1° Baths and Tanks 


mie CoC 


jing unit for use in baths 


here bath temperature is to be 


ed at or 


CCUTAC 









frigerator 
eauuess flex 
metal tub 
Expansion 

Is ito 
requires 
tention 
trigerator im 
is mounter 
ires no inst 
tan 


set ther 


th or 


ith, plug I 
unit Is rea 
Conn 
to Oye rat 
other thar 
boring 


connec 


Pho 
Col 


Said to bring 
ececuracy he 


slower 


grr: 


Photoel 














mneter for 
eca, ind 
nical analvsi 
iker are 
the equipn 
plete series ¢ 


ng entire rar 


Permanency of 


ch e & 
Unust 


tics 
(3) 


required.” 


direct 


objectis it) 


below room temperature 
iv OES i & 


a suitable — re 


consists ot 


frigerator unit 
fitted with a 
cooling coil ind 


expansion valve 
Refrigerator is 
mounted ina 
perfor itedmetal 
housing. Cooling 


coil is connected 


easures 12” < 15" X 2] 
lon ball-bearing casters, 
illation: roll cooling unit 
k, immerse coil in’ bath 


ind place it 


1 to the current supply, 
dy 


noregulator 
continuous duty 
to be 
idjustments to be 
the thermoregu 
tf holes or 


for 
ections made; no 
e; no 
» setting 
breaking of 
brine or water 
Imerican 1 


{ve Salve? 


tions: no 


(feordua 


toelectric 
orimeter 


to colorimetric 


issociated only 


methods 
‘retotore 
ivimetriec techniques, the 


ectric Colorimeter is a 








tric 





reading photoelec 
the 

colorimetric 
listed 


increasing 
of 
features 


aceuracy, 


s. Ameng 
(1) Availability, for use 
ent, of an exceptionally 


of stable light filters cov 


we of visible spectrum ; 
light filter charac 
their all-glass compos 


lal stability of light in 





tensity; (4) Utilization of convenient ( ormers with primaries in seri one op 
inexpensive test-tube type of ibsorptior erating it high magnetic densitv amd 
cells (5) Standardization of the appara partly resonated by mean f a capae 
tus to facilitate widespre id adoption, by tor: secondaries connected in series @ 
users of the equipment, of constants de posed Changes in oad te? I t 
termined by central laboratory wher voltags to me stabilized é tt 
such constants cannot be conveniently maXxinuum effeet bei 3 ir ( 
determined by individual workers due 
the rarity of the pure substance involved, 
or to other ise Rubi ( \ 
Sivth St.. Philadelphia, Pa 

Voltage Regulators 

Three new series of voltage regulators 
ire announced in cased (illustrated) o1 
unecased models, each in six ratings fron 
25 to L000 watts: (1) input 95-1380 volts 
60-cycle, output 1152197; (2) input 95 Ings and 16) in higher ratu | 
130 volts 50 evele, output LIS ie: (3 nv lve load trom = zere to f 1 
Input 190-260 volts 50-cyele, output 230) thy mutput voltage will be hel | 
+ | . ill) single phase, il for unity re irdless of input voltage fl " j 
power factor load. Also 1500 ind 2000 vithin oper iting range iver ly 
watt units on special order. Principle Raythe Vi ( if . | 
emploved is combination of two trans am. Mas 

































THE VISIBLE REGION WESTON ILLUMINOMETER 


SPECTROPHOTOMETERS FOR 
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fd ELECTRICAL TESTING LABORATORIES 


80th Street and East End Avenue. New York N.Y 
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Direct-r -ading Scale 
Fractional-inch Gage 


Ames D Scale N >| decided 





Nik rement 


Pressure Indicator 


Deve ed for measuri peak pre 





sud to “eonstitute a radical improve 
ment over any previous type.” It has 
heel ipproved by the I » Navy \ 
simple djustment, automatically cor 
reciting the readings for inertia of mov 
ing parts, renders the indicator < ipable 


if accurately measuring compression and 


ombustion pressures at any engine speed 
nd any rate of pressure rise. Essential 
parts are a piston exposed to the engine 
helical tension 

rainst which the piston acts, ind 
i neon-light = circuit contact 


switch operated by the piston. Water 


pressure, a id justable 
spring a 


with a 
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sad and Doubtful.” Amon 


Ing Keeps indicator cool during my 
eriods of operation. Maximum: stress of 
ring t top scale reading 1s ell belo 
te orking stress of the spring 
rl » that spring can be used ce 
I sly in upper region of s« ile with 

a ver of set or Tatigue Neon hight 


her provides means of observing any 

ement rf piston t high engine 

reed hus eliminating human element 

'! ing obser itions. | isher, of Com 

size, Can be conveniently held in the 
ispended by shoulder. st 

or makil measurement, observer ro 
te ulicanite ring nut located belo 

unfil cessation of neon light flicker 

ai tes t it pring tension just bal 
ct Thre i Alm eviinder pressure 


hich is then re id off the seales. Stand 


Teste 
3-P and 


Tube 


nic mutua conduc nee tu 


t 
1 -53-¢ ay 


ted-dial instruments, indi 





microhoms and “Good, 








Re quired Re adin g 


FUNDAMENTALS OF 
INSTRUMENTATION 


The first treatment 
of “Robot” Control 
$2.00 Postpaid 


* 


Instruments Publishing Co. 
1117 Wolfendale St. 
Pittsburgh, Pa. 








current to check both emissior 


tual conduct 


ince; check gas cont 
tect both short ind open elem 
short. te 
hot or cold: unit not affected by 
Available ir 
tvpe (illustrated) and 
The Hlichkok Ble frical 

DuPont 


open suppressor grid: 
i'l 

of plate current 

port ible 

Instrume 


{ve (Cleveland. O 


Production Capacit: it's 


Said to be an entirely new ty; 


ver Cap Condenser” maintains 


value within tolerances said to 


tofore unheard of in regular pr 
components It is based on. the 
conducting films of silver, chemic 


posited on thin sheets of Indi 


Adjustment of c¢ ipacitanc 


complished by removing required 


mica 





t ilver Stability On beu 
9 humidity at LOO°F. f i 
he S measured at ) ) 
ru the ¢ nve in ¢ 
eS t} l j Qo] rise 





MERCURY ARC 
RECTIFIER 
PRACTICE 


By F. C. ORCHARD 
AM.LE.E 


Written by one who has intin 

wwledge of the snags liable 
I selection, t 
nd operation of rectifier plant 


modern electri al engineer an 
knowledge 


important factor 1n 


juate working 
new and 
tribution.”"—Scottish 


neer 


Avoids necessity for laborious w 
in searching for and wading thri 
Essentially a pr 


book."—The Engine 


publications 


A : 
tical mans 


arse nhs ' 
uld be very useful to the pla 
| 
\gineer and operator, and sh 
able him to consider a rectif 


1 1 
layout more _ intel 





ligently and 
carry on maintenance and overc 
troubles efficiently.” 

JOSEPH SLEPIAN in Instruments 


T 
more A 


$5.00 postpaid 


Instruments Publishing Co 
1117 Wolfendale St. «% Pittsburgh, Pa 




















In Five Articles, Specially Written for Jnstruments 


1—Boiler Room Instrumentation 


INTRODUCTION 


yy \ every power plant, large and small, instruments, . 
] ters. and automatic-control systems are becoming 


increasing Importance. 


ns instrumentation devices of all tvpes are so ex 


velv used that their installations are acce pted with 


| i 


itions always have been prominent users of ad 


The 


rly only those meters or instruments prescribed by 


were used, that 


ising competition for business, rising fuel cests and 


ising t lectric 


ments in economies of design and operation t 


! ] ] ] 
een built on a liberal 


SECTIONAL ELEVATION OI 


N 1 POWER HOUSE, SHOWING 
POINTS 


MEASURING 


IPERATURES 
Gases leaving boiler 
Gases leaving economizer 


Gases leaving preheater 


l 
Ts Furnace Temperatures 

Superheated steam 

u corners of supe eate 

I Four ler t perheater 
I Air to preheater 
I 
| Air leaving preheater 
1 Feed water to economizer 


Water 


leaving economizer 


AFTS (AND LOW 
draft 


PRESSURES) 


Furnace 


Gases leaving boiler 


T) Gases leaving economizer 


Gases leaving preheater 
Pressures, secondary air to furnace 


Pressures, primary ait 
Apex draft 

ESSURES 
Feed water to economizer 


Saturated steam 
Superheated steam 


WS 


Feed water to economizer 


Main steam flow 


\S ANALYSES 


Gases leaving boiler 


ED 
Fuel (pulverized coal) speed 


SEE ALSO DETAILS OF BOILER CONTROI 





an increased use of 


rates all 


Po 


] irge 


estion on the basis of economic Justification. Cen 


tering equipment. It is in the small plant, where 


is most noticeable. Close attention to power costs, 


Nitrogen-bulb 


Nitrogen-bulbs 
Nitrogen-bulbs 


Opucal pyrometers 


Nitrogen-bulb 


Thermocouple 


Nitrogen-bulb 


Nitrogen-bulbs 


Nitrogen-bulb 


Nitrogen-bulbs 


Liquid-sealed 
Liquid-sealed 
Liquid-sealed 


Liquid-sealed 


Liquid-sealed 


Liquid-sealed 


Liquid-sealed 


Bourdon-tube 
Bourdon-tube 
Bourdon-tube 


Orifice 


Flow nozzle 


Absorption 


Centrifugal 


BOAR 





modern 


By W. W. DULMAGE 
wer Department, Ford Motor Co. 
Dearborn, Michigan 


To ope rate i power plan especially 


most efficiently, the operating force mus 


throughout the plant. ‘This is especially 


power 1 
operating on a complicated heat balance 


dustrial plant supplying both heat ane 


] 
replace guesswork with accurate 


ince to sate. continuous and proper plant 


] the best pe riormance Poss Lyle [hes 
instruments and : ; 
ilculation of tli pertor rice ot ti 1) 
| 
these have simulated 
hat / i \ 
use Of instrumentation ye 
+ 
STEAM-GENERATING END Ol yk I ¥ i Tyo 
THE MOST IMPORTANT i} Le a LY /" 
: wa’ ly 


Type 
lustria 
5 Recording 


Recording 
Recording 
Indicating 
Recording 
s Recording 


Recording 


Recording 


Recording 


Recording 
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Indicating 
Indicating 


Indicating 


Indicating 


Indicating Uy i 


lea 


Indicating 
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know: 


sures, temperatures, flows and other measurable v% 
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Ford Power Plant Instrumentation 
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give those charged with the supervision 
basis upon whi h to direct its operation 


\ Lalli ¥ haa =e Ay 


‘ 








Rec. & Totalizing OSS by 
ee | |_| | a y 
Bi ~) 
Hh if end = om ili 
a ea 









Indic. & Rec 














| | a + S| 
an ne Ky 
CHU BR 3 + 
Indicating |_| E —————— " 4 F | 
D, FIG. 4 ste Co ee? AKI 
‘ : \ "9 4 ot 








INST RI 
May 


LOS 









Mi I 























































































































f the plant so that results may be correctly gaged and 


ymposed from time to time. Cost accounting systems 


will be based on adequate meter readings and correct 
cost allocations may point towards possible economies to 
be effected. Furthermore, they may be used to check on 
the internal condition of equipment and indicate when 
ind where maintenance or repair is needed. An operat 
ny rcew le irns to KNOW wh 1 Dg adings arte normal and 

idily detects any appreciable deviation from normal. 


We mav now summarize the above as follows 


( Drove ir ule ct 
| ( I 14 oT Te) 
, | ‘ ri Ce Call Lor 
t. ( and « 1 
VI ‘ ‘ id ‘ 


INSTRUMENT DEPARTMENT 


Qur instrument department numbers fourteen men, 


+ 


iking their he idquarters it the power house. 


Che instrument department installs and maintains all 


industrial instruments in the plant with the exception of 


potentiometers. Thermometer tube-svstems are sent back 
» the instrument-maker’s home plant for refilling. Pres 


sure gages ol the Bourdon type ire all repaired by the 


students of the Ford ‘Trade School under competent 


BOILER ROOM INSTRUMENTATION 


TARTING with the boiler room, it is my ple asure to 
S describe the instrumentation as installed at the Num 
ber One Power House of the Ford Motor Co.. largest 
high pressure, high-te pe rature power plant in the world. 
Inasmuch as all the high-pressure boilers have similar 
ters and controls, a complete description of one will 
serve th purpose im im st part The boile rs have complete 
equipment for the automatic control of combustion and 
feed water. The metering equipment for each boiler in 

' 


cludes a boiler meter, two combination feed-water meters 


ind boiler drum level recorders, four multiple recorders 


for temperature of feed water. flue gas, air inlet and out 
le water in and out of economizer. also air in and out 
ft preheater | ilso includes two multi pointe r gages 


an electric CO. recorder and two pvrometers for indi 


temperature. Provision is also made for 


selector switches for operation of the combustion control 


ind of he thr element feed-water control. 
Three-element Feed-water Control: The basic prin 
ciple ol thie three element feed water control 1s to change 


the rate of feed-water flow to the boiler simultaneously 


with a change of steam flow from the boiler, to maintain 
i substantially constant steam flow-water flow relation. 
ind to correct the feed-water flow to maintain a constant 
water level in the boiler drum for every boiler rating. 
Due to the fact that there are two independent boilers 
in a single setting, and but one steam outlet, it is neces 
ate the water flow to each side individually. 
This is accomplished by taking solid linkage connections 
from the steam flow meter to each water flow meter. so 


that for everv change in steam flow. the water flow of 


each side is changed one half of the steam flow change 


The water flow linkage is also tied in with the water 


level recorder so that resultant water flow is the com 


] . 


ponent of steam flow and water level changes. The meter 


linkage operates a small oil pilot of a hydraulic torque 


umplifier which in turn positions a Selsvn motor. The 


companion Selsyn is located in the housing of the feed 
water valve and positions it in iccordance with required 


changes commanded by the meter linkage. The control 


4 
is adjusted to maintain a constant water level at all 


steam outputs. Protection is obt iined in case of failure 
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of current supply so that an alarm is sounded 
valve is held in the position where failure occur: 
resumption of power. In case of mechanical fa 
indicating Selsyn on boiler panel becomes a s 


he drum levs 


tripping a tumbler switch, and t 
regulated by the operator on the boiler pane 
board. 

Boiler Steam Meter: This meter was design 
calibrated to measure a flow of steam up to on 
pounds per hour and its guaranteed accuracy 
throughout its chart range. It is equipped with 
How pen, two air flow pens and an integrator. T} 
flow pen records the amount of steam being gen 
The integrator totalizes the steam generated. 1] 
air flow pens are calibrated to record the relatiy: 
of air flowing through the furnace correspond 
equivalent steam flow outputs. It has a 24-hour 
as have all of our recording instruments) record 
steam flow giving us a permanent record and a 
ibling the operator to tell at a glance the loading 
tions of his boiler. 

Feed-water Meters: These two meters meas 
rate of flow to the north and south drums. On ea 
is also recorded the water level within the dr 


third pen attached to one of the meters reeord 


temperature of the supe rheated steam. A third p 
other flow meter records the pressure of the super 
steam. 

Feed-water Te mperature Recorder: ‘This instr 
records the temperature of the feed water enterin; 
leaving the economizer. As there are two econom 
the unit, three recording pens are necessary. ‘1 
pe n records the tempe rature of the water enter 
economizer; the second pen records thi temp r 
the water leaving the north economizer; the third, « 
leaving the south economizer. The temperatur 
has for its measuring element a helical tubs 
nected by copper capilary tubing to a evlindri 
the tube-svstem being initially charged with nit: 
it a definite pressure, 

Flue Gas T° m perature Recorder North and S§ 
Side: This temperature recording unit records 
perature of the flue gases entering its respective 
mizer and preheater. Each of these units are eq 
with three pens. The control mechanism and_ pr 
of the temperature recorders are basically the 
explained ibove 
North Side): This multi 


rage indicates the draft and pressures at nine poi! 


‘ 
= Oe 


M ulti pom ier Gage 


tween the combustion chamber and the induced drat 
South Side): This gag 


measures drafts and pressures at nine different 


Multi pointer Gag § 


at corresponding locations on the south sides. Al 


sures and drafts are recorded in inches of water 


gages enable the operator to tell at a glance whi 
not his boiler is in proper balance and also the cor 
of drafts and pressure at various parts of the s3 
Superheated Steam Galvatron and Superhea 
pass Controls: This mechanism measures, record 
controls the tempe rature of the supe rheated stea! 
Galvatron is a round-chart potentiometer pyromet 
measures. the temperature of the steam from 
couples set in each of the four corners of the super! 
unit. When the boiler is operating at high rating 
temp rature of the steam has a tende ney to exct 
operating temperature of 900° IF. It is at this tin 
the by-pass dampers come into play. These damp 
installed in the four corners at the top of the firs 


pass and can be adjusted to by pass the hot gases 










































Fig. 2. REAR OF INDIVIDUAL BOILER PANEI Fig. 3. AISLE BETWEEN BOARDS AND BOILER-FRONTS 


rOR'S NOTE—Believe it or not, but it's we were so struck by its meatmess that we de breast-pocket handkerchiet rubbed 
e: When we visited the well-lighted, well- cided to try an experiment: we took out our floor and examined it. It was unsmudged! D 
ted ‘‘back-of-the-board’’ space shown in YOU proudly take visitors BACK of a 





boards 







(each of these spaces is really a room) ; control 




















































































































L it 
i/ 4? { 
Fig. 4. INDIVIDUAL BOILER CONTROL BOARD 
Boiler meter—indicates, records and integrates steam flow and 17. Induced draft control drive position indicator Baile 
records air flow through both sides of twin set boiler Bailey 18. Three-element feed water control valve position indicator and 
Feed water meter, boiler water level recorder and steam pressure signals Ba 
ecorder Bailey 19. Master superheat control bypass damper selector valve B 
Feed water meter, boiler water level recorder and steam tem- 20. Individual superheat bypass damper selector valves and posi 
erature recorder Bailey indicators Baile 
Boiler drum water level indicator Bailey 21. Selsyn-operated turbine signal Bailey 
ed water temperature recorder Bailey 22. Primary air drum switch sailey 
Air temperature recorder Bailey 23. Induced draft synchronizing switch Sailey 
rlue gas temperature recorder Bailey 24. Saturated steam pressure gage Ashcroft-Hancock 
Flue gas temperature recorder Bailey 25. Feed water pressure gage Ashcroft-H ck 
Multi-pointer gage for indicating ten pressures and drafts Bailey 26. Superheated steam pressure gage Ashcroft-Hancock 
Zone temperature recorder tor superheated steam temperatures Bailey 27. Ammeters, Type AD7 G-t 
Boiler drum switch Bailey 28. Forced draft fan turn and pull switches, Type CI G-I 
Transfer drum switch Bailey 29. Coal feeder turn and pull switches, Type CL-1 G-I 
lransfer drum switch for forced draft Bailey 30. Primary air turn and pull switches, Type CL-1 G-I 
/rum switch for burner damper Bailey 31. Induced draft fam turn and pull switches, Type Cl G-I 
Fuel control drive position indicator Bailey 32. Root valve control switch, Type W Westinghouse 
Forced draft control drive position indicator Bailey 33. Stop and check valve control switch, Type W Westinghouse 
1 later: CO» indicator (see Fig. 3, topmost dial) and recorder (visible through glass door in Fig. 2 eeds & N f 
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}? i i 
1 per " controlled by an operated selector 
Wil ! ive in pre rated isa nit or individually 
| witches are ope rated on the boilei pam 
1 mard. The four-zone Galvatron recorder is used 
fe in determining whether or not th damp rs 
n tep If n tft. they may be n ide so by individua 
nt 
Centr Contr Sziten his is a six-way-throw drun 
“ » control 
| ‘ t e ft er ile 
| | ced dratt far 
| { { ced ¢ far 
13 fyustmen of switch the boiler mav_ be 
Iie 
Se 
| " ec contro 
| v}yi 1d t thy hat da } } | 1" 
vht add a s point that due to the extensive use 
{ } +} ] ly . _ +. ]] } 
rT otors on the high-pressure mst LiAation Wwe lave 
two speeds, high and low. on our motors. Any intermedi 
it rang nm cas if our fans is taken care of by the 
idjustment of vanes on the fan itself which limits the 


pacity to that desired 


itilization of transfer switches or “‘indi 


idual switches it 1s possible to take iny fan or group 
of fans off of automatic control in case it is desired to 
have them run at constant speed or kept out of service 
entirels 
Burner Damper Drum Su teh Chis drum switch op 
ites the dampers in the preheated air duct. The pur 


pose of these d Mpers i lO Cre ite and maintain a positive 


pressure in the air duct. These four dampers—one_ in 
wl rner directly behind the coal burners may be 
operat dl individ ally or as a single unit. 
Fuel Feed Control Drive Position Indicator: Kach of 
the twelve pulverized coal feeders is driven by a 2 h.p 
iriable speed motor, their speed being controlled col 


tively by a banked grid rheostat operated by a con 


trol drive. For each motor there is an individual rheostat 


} 
n th bank, the contact arms on all of them be Ing con 
nected to the same shaft and driven together by the 


However, each grid can be shifted in the 
frame, with respect to the others, so that the relation 
between speeds of the various motors can be varied to 
compensate for wear on the feeders or other conditions 
Che indicator denotes on the panel board the position 
if the fuel feed rheostat 

Forced Draft Control Drive Position Indicator: This 
indicator denotes thre position of the vanes on the fans 

fo amount ot opening 

Induced Draft Control Drive Position Indicator: Op 
rates same as the one on forced draft fans 


Lurbin Siqna Through this indicating device the 


generator operator can give idvance notice of his in 
‘ ry’ ! 
tentions to the boiler operacor This enables the boiler 


Opn rator to be pre pared to act when ch inges are m id 
in placing the generator on or off the line. 
Pre VNU ¢ 
1rite j on ¢ ich pane | board indi iting Feed Water 


Garages There are three Bourdon CV pe gages 


Pressure. Saturated Steam Pressure. and Superheated 
=! il Pressure 
(ot) Veters Just above the three pressure gages 1s 


located the indicating dial of an electric CO 


1 


} } 
using the thermal conductivity method. A self-balancing 


meter, 


principle is employed, permitting the installation of both 
i recorder and an indicator, each located at any distance 
from the boiler. The large indicating dials are at the top 


ler control board; the reeorders are on the 
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walls of aleoves off the Main Aisle between 


fronts and the main control boards (see Fig. 2 


Fan Control Switches: All fans are eut in 
operation by the m inipul ition of control swite! 
fans include: forced, induced and primary. | 
vidual coal feeder is also controlled by a simila 

Root Valve Control Switch: On each hig 


boiler is a motor op rated Root valve, its purp 
to keep the steam from backing up into the boi 
it is out of service. This valve may be ope ned ar 
from the operating panel board and acts as 
check and stop valv 

Stop and Check Valve Control: This is i 


erated valve ope rated from. the panel hoar 
serves the sare purpose AS the Root valve in 


purpose is to protect the boiler. 


SUMMARY 


lo sum up the instruments as used on thi 


pane ls of our high pressure boilers we have the fo 
1 pee f lustrument Vi Use 
Recording Gages l Steam Press 
Recording Gages Is Boiler Draft 
Recording Gages - Steam Press 
Indicating Gages 2 Primary Far 
Indicating Gages 16 Boiler Contre 
\mumeters 6 Coal Feeder 
\imimeters 5 Fans 
\mmeters 6 Dampers 
Position Indicators 6 Fans 
Position Indicators 6 Damp rs 
Position Indicators 2 Water Leve 
o Flue Gas 
Pemperature Recorders 3 \ir Pre Tl 
? bulbs 16 thermocouples ) | 3 Water 
) Stean 
Indicating ‘Thermometer | Steam 
Pyrometers .2 Furnace Te 


REMOTI CONTROI 
There is a tendency towards remote control 
plant equipment, with all important instruments 
ized. Here at Ford’s we have a master pan 


the main 


which gives at a glance the pressures it 
ers feeding the three high-pressure turbines. A 
pressure on the header fed by four 250-lb. boilers 
ire Clock-operated recording instruments. Ele« 


meters, also incorporated in this main panel bo 
cord the flow of water in the low pressure boil 
flow meters record the flow of water in th 
west radiant boilers. Two meters record the fl 
water in the boilers proper east and west. Thes 
do not totalize but are capabli though selector sw 
of recording the flows of four boilers on one cha 


gages mal 


Along the top of the board, pressure 


I. Vacuun 5. Feed Water Low Pre 
2. Air 6. Fire Service 
3. Service Steam 7. Mill Service 
t. Main Steam 8. City Water 


\ clock completes tlhe main pane] board 


Regarding remote readings indicated in vario 
of this article: We choose to use the Selsyn motor. | 
mitting and receiving elements are Selsyn motors 
interconnected stator windings and being connect 
single-phase a-c. line. Three conductors are re 
between the stator windings of transmitting and 1 
ing motors. The Selsyn system is used to indir 
positions of water level recorders, rheostat posit 
coal feeders, turbine signal, water level indicato 
fan vane position. 

In a large plant such as this, one will find indis 
gage boards distributed in various parts of the 
No attempt will be made at this time to de scribe 


but this will be left for subseque nt articles. 




















igainst Johansson blocks 
sed in motor manufacture 


Inspecting 


motors for 


Instrumental 


rotors 


concentricily if 


Testing and 
the Manufacture of Induction Motors 


of tractional-horsepower 


five py 


points 


Ins 


By R. L. STRODE 
River Works, General Electric Co., West Lynn, Mass. 


induction motor has such extensive fields 


f application, methods used by one manufacturer 


to measure and control its fabrication may interest 
The 


ilete range of sizes trom tiny fractionals to units of 


iments readers. motor is commonplace in a 
dreds of horsepower. The descriptions in this articl 


}y particularly, however, to integral ratings of on: 


For the work of development ind control. in add 
to the company s Research Laboratories. there a1 
able such facilities as strength of material quip 
Metallurgical I iboratory, control of casting sands, 
ing of wire and its several insulating coatings. cor 
insulating varnishes, calibration of electrical inst nel 
speed measuring devices ind mechanical TTS per ! 








ifteen horsepower, synchronous speed range 750. to and fixtures, noise study and control, vibration 
00 r.p.m. and frequencies 25 to 60 cycles. The popu ment, motor life tests and specific performan t v 
y of the induction motor is due not only to its mod under both normal and such severe conditions 
first cost but to its record for long life. low cost of moisture. acid, alkali, abrasive dust. ete 
nance and high etheien This outline of facilit ) 
when prope rly designed. rests some ot he sp if } 
ifactured and applied. It POrmance factors whic ! 
highly competitive article isually important and | 
inufacture, both as to cost subject to guarantee theier 
1d livery. Sales of spe cial powell factor, startin rq 
ens conforming to a cus ind current, maxin yut 
ers specifications are often speed under — load, iting 
don the basis of prompt noise, vibratio rT ! 
ery, and = deliveries are nensions, together wit 
isured in day s. Measurement thre manutacturing dea I 
ontrol methods must there nin im cost me lite, Te 
ymnbine accuracy, low cost it naintenan nd pid 
1 speed. murtacture 
[In its most common form, th: hie nagnet ct 











horizontal 

Fig. A) 
lubricated ball bearings or 
oil For kinds 


ngs with wool waste as an oil feeder art popular. In 


r os ill open, 


supported mode ] 


OTCASE with sleeve bear 


ind rings. some of service, sleeve 


lition to the open design, there are such trade modifi 


mS as splash proof, totallv-enclosed, totally enclosed 
| 


ooled, « xplosion proof, loom drive. screenless textile 


4 ich names are descriptive ot Service. Practically all 
gns are available for vertical mounting (ring, tripod 
four-foot) and for horizontal footless assemblies in 


h one ¢« nd shie ld 1S flanged or has arms for bolting on. 


} 


e instrumentation problem can be segregated mto 
general, although somewhat overlapping, classifica 
developme nt and proot testing of complet: new 


gns; development and testing of improved parts and 
sses for application to existing designs; testing and 
rol to insure performance to existing standards; and 
il tests with inspections as required by customer's 


: - 
cular specification. 


of high perme ibilitv. non-aging, silicon st Ih 1 
manufacture of this steel is supervised by a cor} 
resident experts and, in addition, control samplk 
every lot shipment ire given an | pstein ‘Tes hig. | 
it the factory to insure a low core loss requ nent 
The material and construction of th lies 
punch this hard steel is itself a proble fo pert 
Even the burr, formed at the cut edges if pur | 
become dull, must be controlled because. if-it a 
lates, eddy current losses may impair motor performance 
To measure the burr, opti il equipment wecura } 
0.00025” has been developed iS an improvement over 
the older and = not-so precise micrometer determination 
The end frames of the nduction-motor stators ar 
malleable iron, the core structure held rigidly | i 
heavy rivets. During the design stage of the dey pmel 
these parts rece ived such tests as indicated in Fig zZ ; 
ind 4+. These tests for rigidity are Important because for 











pection in 






































ENS 


Le. ) = 2 ' ] . } 
high electrical performance the clearance ir gap) be During the varnish impregnating cycle, time 


is practical. Frame rabbet (end. shie it) and stator reduced to almost one-third the time previo 


tween stator and rotor should be as small and as uniform perature are controlled. The baking cycle now 
‘ : 


ist be held to close tolerances of size and con quired, and in addition to valuable manutactur 
bores are precision ground, reference saved, a better product resulte d 
tion being the rabbet groove. Proof of The rotor is usually of the squirrel-cage typ 
v is determined by checking fixtures, in Fig. A, but wire wound rotors, with rings and 
shows a type ternal resistance for speed control under load, 
ire of the copper wire, with which th built in quantity. In the standard squirrel-cage ty 
is controlled at eve r\ ~ Wire is mill conducting element is aluminum alloy of rigidly 
ive coatings are tory applied. En composition and conductivity, pressure-cast into 
1dditional fibrous cushion coatings is so that troublesome joints are entirely eliminated 
Samples of every of enameled wire control of conductivity of aluminum is important 
iniformity, continuity and flexibility of for a given set of performance conditions, a 
g. 6 shows some of the equipment. In_ the determined resistance is needed. Small amounts 
yreground is an abrasive testing machine and at purities vary the specific resistance of aluminum t! 
ir is ipparatus for checking continuity of i wide range. Pig purchases are made under rig 
electrical contact. Prope r applic ation of the duc tivity spe cifications and ¢ very lot is factory lab 
require d many deve lopme nts. among them tested before a release for casting is given. Fig. 8 
f viscosity. Cushion coatings such as the aluminum resistance measuring equipment de 
silk and asbestos also are tested. for that work 
Stator coils are random wound on high speed winding The casting problem is further complicated by 


lachines, Import ant factors beir 


‘ 


wecuracy of turn count, tluminum’s chemical activity in picking up imp 


ig 

non-abrasion of insulation and minimum wire retch. All ind by its rather critical pouring temperature. T 

ich factors are measured mize contamination, melting pots and pouring ladles ar 
Insulating varnishes which bond the coil conductors enameled and the enamel is frequently renewed. Electr 

ind protect the whole unit are almost as important to melting furnaces are used, with automatic temperature 

motor life as wire insulation. Desirabl properties such control and signal lights as an additional safeguard 

is bonding ability, non-aging, high heat conductivity, To aid in smoothing out motor torque values d 

resistance to moisture, oil, acid and alkali and abrasive: rotor acceleration under load, and to reduce noise, 

dusts have been deve loped in the laboratory, but addi bars are cast at a skew angle with relation to the stator 


tional checks are made at the factory, the dust box ( Fig slots. This angle is controlled within close limits at the 


7 rye iy ‘ “al ‘ ° 
‘ being an xampl : time of lamination assembly. 


Epstein Test Set for silicon-steel laminations. 

Load deflection test on a-c. motor end frame foot. 
Bending test on a-c. motor end frame. 

Induction motor being subjected to load-deflection test. 
Checking diameter and parallelism of stator frame. 
Insulation Engineering Laboratory, Lynn Works. 
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Fig. 7. Testing motors un- 

































































| 
susitid der extremely dirty and 
abrasive conditions. 
7 Fig. 8. Test for conduc- 
> tivity of aluminum. 
Fig. 9. Determining car 
- bon content of steel. 
tr 
: ve Fig. 10. Checking bore in 
: a-c. motor end shield. 
ring Fig. 11. Checking end 
+n shield concentricity and 
stor tlt. 
the Fig. 12. High-potential, 
resistance, and _phase- 
balance test for white 
stators. 
Fig. 3. Measuring tem- 
peratures in totally- 
enclosed fan-cooled 
squirrel-cage induction 
. motor, for heat-flow. 
Fig. 14. Dynamometer 
test on  wound-rotor 
induction motor. 
Service dictates shaft materials: high-quality regular ifter parts are assembled into a comp itor. | 
shaft steel, tool steel, stainless steel. even non-ferrous becomes a portion of the final performan est da 
loys. Purchase is by specification with check tests on Fig. 13 indicates how elaborate a test mav be quired 
ipt. the test for carbon being shown on Fig. 9, and when heating conditions in all parts 1 st be stud 
bv strength tests. Shafts are precision ground, diameter The rmocoupl s have been placed at all essentia 
rances to 0.0005” being the rule. Lot production is tions on the motor and each couple is w 1 into plug 
ecked with “go” and “no go” limit gages which in turn board so that accurate and rapid temperatu ling 
frequently checked against laboratory block standards mav be taken during the heating cvel 
End shields are usually of cast iron (steel or alumi Fig. 14 shows one form of a dvnamometet 
for some services). In that portion ot the foundry measure the efheiency of a motor 
; where continuous moulding is carried on, a floor labora Manufacturing and control standards having 
>) t has been set up for the control of molding sand. ind electrical characteristics determined fron miplet 
Vv fifteen minutes during the molding day, tests are test data, duplication of electrical performan 
le for moisture. perme ability and green strength in standardized motor can be issured bv. thre sets 
pression. Test results regulate additions of green readings. These are stator resistance, pow r inp “\ 
i ind moisture. rotor lox ked ind power required to operat 
All end shield machining must be accurate to clost without load. These test readings ar iken as rd 
ts. Fits that affect the position of the rotor in this of everv motor built and then compared with th tand 
must be concentric. Typical checking fixtures are ird data. Other data as may be required are recorded 
wn in Figs. 10 and 11. ilso for all motors on which standard data have 1 
r the general control of factory windings. Fig. 12 determined or about which test informatior 
vs the equipment for testing stators just before var isual is needed 
mpregnation. Its features are an automatic high As a tinal factory operation. an overall in 
ntial ground test and a manual determination of made. Not until then are rating nameplates 
: balance and resistance. The automatic high poten guarantee that quality manufacturing obligation 
test is considered so important that it is repeated been met 
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The Rockwell Hardness Testing Metho 


By S. R. WILLIAMS 


Professor of Physic Ss, 


HARDNESS TESTER 


1} irrdness easuring device has attained an en 
iuse of its speed, accuracy and wide 


s. 1OS and 109 show two models 


idaptability. Fi 


v DUrpPOSES The Rockwell hardness number 
fon tl idditional depth to which a test point or 
ir nova CAV oad bevond the de pth to which 

SH penetrator has been driven bv a definite light 

n id 


kor exceptionally hard bodies the 


nt i ) ro-conical diamond. It is made from 
t 1 liamond, wl nuind ind polished iccurately to 
} 1] } 1 
mn | () ing \ na mechanically lapped sprie Yl 
= | uv 110 lt is stil ! ferred to some 





Fig. 108. The Rockwell hardness tester. A model with eight 


inch vertical capacity. 


tin thr Brale Penetrator” but is now officially des 
ignated as penetrator ““( ind will thus be referred to 


nos ibseque nt discussions. The standard mayor load for 


thre ( pom trator, the di imond point, is 150 kilograms 
Penetrator “B"—-For unhardened steels, phosphor 


bronze, brass, cast iron, and many me tals or alloys that 
ire not extremely hard, a specially hardened steel ball. 
1 16 in diameter, is used as a pr netrator, hereafter to 


be known as penetrator “B”. This ball is mounted in a 


steel chuck designed to perm { 
of balls in a few seconds. The standard major load for 
thre “-_ penetrator, the l 16” steel ball, is 100 kilograms. 


replacement or chang 


p | t M 
rt oo = ‘ ’ \ 
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Amherst College 


Spee ial Penetrators kor making spe cial com) 


tests. the Rockwell hardness testers can be f 
1 AA 1 ”” l ” 


with ball penetrators of 17, 14% or Ww”, a 
mav be used with 150-kg., 100-ke. or 60 ke, may 
The use of the diamond cone is only for excey 


hard materials on whose surfaces, even with th 





Fig. 109. A Rockwell hardness tester with 314° vertical cay 





This is a sphero-conical diamond 


Fig. 110. Penetrator “C.” 
indenter, ground and polished accurately to a core of 120° 
with a mechanically lapped spherical point of 0.2 mm. (0.0 
radius. The term Brale, applied to this penetrator, is a reg 
trade mark. The 150-kg. load is used with this indicator 
scale testing. This illustration twice actual size. 


} 


major load, a steel ball would tend to flatten. Or 
tool steel, for instance, Penetrator “CC” is mu 
sensitive than the steel ball penetrator becaus« 
mond holds its shape and permits the use of a 


major load. Also, on a machine which makes thi 


of the impression a measure of hardness, the di 
cone indenter makes an impression which is deep 
portion to its diameter. Nevertheless, much ind 
testing is being done with the 1, 14” and 
penetrators and the various major loads, and such 


have lately been written into some specifications 








Fig. 


SING AN INDENTATION WITH THE ROCKWELL TESTER 
In order to eliminate errors in the measurement of the 
h of impression made by either the ball or the com 


the work or 


rving qualitie s of contact between the work and pene 


lenter, due to surface imperfections of 


itor, the Rockwell Is designed to make two Supe rim 
d impressions—one with a load of 10 kg. and th 


(a) 100 ke. when the 1 16 


l 50 ko 


with a load of either: 


ball 


diamond cone 


B” penetrator is used, or (b 
test pomt of 120 


wedure is shown by 


when 
IS used. This 
Lit. Now 


angle 


a diagram in Fig. 


ws the sample placed on the elevating screw. By 
rning up the elevating screw the test plece 1s brought 


nto contact with the penetrator until a load of 10 kilo 


been brought to bear the 


} 
Wns fas 


g on penetrator as 
wn in No. 2. The ball or cone indenter sinks into the 
face to the extent A-B. The dial is set to zero and 
n the major load is applied as in No. 3. and. the 


netrating surface of the ball sinks to a further depth 
B Ss, In No | the ind due 
he elastic property of the the ball 
a distances C-D the depth 
he indentation due to the excess load of 90 kilograms 


is been measured. The depth is shown as the dis 


major load 1S removed 
tested 


until 


material 


re st s 


and there it 


tance 


B-D in No. 4 Finally the elevating screw is lowered 
n No. ) ind the test plece Is removed in ord r that 
nother piece may be put in its place and tested. The 
process is carried out when the diamond indenter 


ised, only in this case 
added as 


90 


a supplementary load of 140 
No > for thre suppl 
The depth, B 1). Is i 


isure of the hardness of the sample tested. 


shown in 


rams IS 


ryt 


ry load of kilograms. 


Fig. 112 shows the successive ste ps in making a Rock 
The 


ctions correspond to those ot the parts on the itbus 


hardness measurement. numbers given in 


von which are to bye move d or operate d in thre process 
naking a 


Ihe 


measurement, 


Rockwell is not a press with a depth mie 


hment. It is a measuring machine with a 
The 

ights and levers for impressing a given load on thi 

enter. If hard 

ss of the softer metals by measuring any dimension of 


should 


precision 


ss as one of its features. whole svstem is ont 


is well known that. in determining the 


] 
LOdcae 


Impression in any indentation method, the 


ipplied both slowly and smoothly. There is an oil 


dash-pot sy 


smooth application of 


the load may bye applied is q icky 


2. Furn 


ind con 
ind 


penetr 


\ 


rite 


forcing 


Principle of the Rockwell hardness tester. 


Stclhn on 


vheel to 


into con 
st pou 


turnin 


inst 


itor till index §$ 


shows. that Minor 
Load is ppolied 

3. Turn bez ot 
gage to set di ce! 
behind pomter 

} Pu nt ndle bac 
mon to release I 
pplv Major Load 

5 Observe en 
rival mointer Come 
o rest, ther 

6. Pull handle for 
\ ird, thereby remo 
Ing the Major but not 
the Minor Load 

ij. Read “Rockwe 
Hardness Number 
the dial 

\ é The red 1 
res on dial are Iv 
used fo nv wb rene 
trator ad | ( 
ire for he “Brale 
enetrato 
Fig. 112. Directions 


for making a hardness 


measurement 
R O¢ k we | | 
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with the 
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Fig. 113. Increment—Not Total Depth. Hardness testing on the 
Rockwell hardness tester is based upon the measurable increment 
of depth of penetration due to increment of load. In the case of 
hard steel the penetrator is a diamond cone with spherical tip of 
minute but definite radius. The first load applied is 10 kilograms 
ind the second 150 kilograms; so that the increment is 140 kilo- 
grams. [The increment of depth due to increment of load is 
0.00008" for each point of hardness on the Rockwell scale. If 
i piece of steel is as hard as Rockwell C58 at one spot and C55 
it another it means that the depth of penetration is three times 
0.00008" or 0.00024" deeper at the softer spot; but that infor- 
mation is given in terms of hardness on the dial. 
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Fig. 114. The direct-reading dial for the Rockwell hardness tester. 
The “B” readings are to be used with the ball penetrator while 
the “C” scale serves for the diamond penetrator. 


gv. lid has two seales 
Lhe B’ seale in red applies with the B 
ind 100-kg@. load. The ‘‘¢ scale in black ipplic s with 
the diamond cone penetrator and 150-kg. load. Both by 


letters and colors the “B” and ‘“‘( scales are distin 


Phe direct-re iding dial Set | l 


pe netrator 


guished on the dial and all notations of readings should 


ig 
be invariably written down with the prefix “B" or °“¢ 
here is no Rockwell hardness No. 42 


kor example, Like 
Chere is a Rockwell hardness No. B-4+2 and a very dif 
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Fig. 115. The pitch of the elevating screw of this jack, s! 
the left, is identical with the pitch of the elevating screw 
models of Rockwell testers. 


ferent Rockwell hardness, No. C-42. The letter 
as necessary as the numeral in designating the R 
hardness number. 

lor specifi purposes there are special scale 
Rockwell machine, although these have been s 
ized and are well understood. ‘The letter and n 
these special scales must always be given, otherw 


h irdne SS numbe rs h ive no meaning, The followi 





gives the designation for the various scales of th 

well Hardness ‘Tester. 

DESIGNATIONS FOR THE VARIOUS SCALES O 

ROCKWELL HARDNESS TESTER (MAY 1938 

Seale Sumi Penetrat Vajor Load, ka ~D 
Bi 1/16” ball LOO Re 
( “Brale”’ 150 BB 
\ “Brale” 60) es 
I) “Brale” 100 1s 
| .” ball 1 Ie 
| 1/16” ball 60 Re 
G 1/16” ball 150 Re 
1] " ball 60 . 
kK 2 ball 150 Ke 
I ball 60 te 
Ml .” ball L100 Re 
P ” ball 150 Re 
R ball 60 R 
Ss ball LOO Re 
\ yall 150 Ke 


SURFACE PREPARATIONS 


It is desirable to have as smooth, plane and 
surface as possible when using the Rockwell ma 
All small ridges or scale should be removed, becau 
scale helps to break the surface without plastic flow 
thus discordant results are obtained. Ordinary ma 
surfaces are quite satisfactory. All forms of dirt, pa 
larly gritty particles, are to be avoided in th 
surfaces between the indenter and the materia 


tested, for the same reason that scale is to b 


( i 


SPECIAL PARTS AND ACCESSORIES 


{nvils—The disk on top of the elevating se 
called the anvil. See Figs. 108, 109, 112 and 1: 
note the different sizes. Four anvils are furnished 
each Rockwell instrument. In some cases the anvils 
a V-shaped top in which round rods and tubing m 
placed so as to insure centering of the penetrator 


upper surface of the cylindrical rods or tubes. S« 











































116. An auxiliary work sup- 
which moves up and down 
1 undisturbed position rela- 
to the anvil. 


Fig. 117. A standard goose-neck adapted for holding the indenter 


when measuring the hardness of the inner surfaces of rings and 


tubpes 


In testing thin soft sheet metal a special anvil is 
mmended. This consists of a steel plate with a pol 
shed diamond surface inset at the center of the anvil 
For testing reamers, drills, and many tapered and ir 


ular pieces, it often is necessary to have an anvil 


reo 


which can so be adjusted that the line of thrust of the 


ndenter will be at right angles to the surface to be tested. 


Some such accessories may be made in a good machine 
, shop but it is well to bear in mind that the Rockwell 


nstrument, like all indentation-hardness testers, is sen 





sitive to vibrations: if special accessories are added to 
the machine, care must be exercised in not adding extra 
ensitiveness to vibrations and thus obtaining false 
idings. 
Work Supports—Frequently, one wishes to test long 
Hat bars and cylindrical rods. They must be held in a 
| position on the anvil even when the test is being 
ide on the end of the bar or rod. For such measure 


ents certain adjustable, auxiliary work supports ar 


provided. Fig. 116 shows one which is attached to the 
levating screw and therefore maintains a fixed position 
lative to the anvil. In Fig. 115 is shown a more flexi 
support since by means of two such adjustable jack 
long rods may be tested at the middle while each 

dis supported by one of these jacks. The pitch of the 


iting screws of the jacks Is exactly the Same as the 


1 1 of the elevating screw of all Rockwell testers. 


Goose-necks—The probl m of measuring the hardness 
the inner surface of rings and cylinders presents some 
lifficulties, because the ring itself gets in the way of 
shank to which the indenter is attached. ‘To obviate 
difficulty, different forms of goose-necks have been 
sed which may be attached between the thrust pin 

he tester and the indenter. Fig. 117 shows a regula 
goose-neck supplied for the general type of Rock 


tester; Figs. 118, 119 and 120 show special 


forms 
goose-necks for special purposes. 


l", st Blocks 


n attached, all parts have been inspected and eve ry 


Finally, after all the accessories have 


ng seems to be in readiness for making a hardness 


surement, there still remain the questions: will the 








Fig. 119 Fig. 120 

Figs. 118, 119 and 120. Special forms of Rockwell testers and 
the special goose-necks to be used when measuring the inside 
surface of a ring or hollow cylinder in case the outside diameter 
exceeds two inches. These special testers are arranged to com 
pensate for goose-neck weight in order to preserve standard 
loads. The goose-necks, too, are of special design and construc 
tion: stiff and properly aligned. (Home-made goose-necks fre 
quently are a source of errors and troubles.) 





Fig. 121. Rockwell test blocks are made of different materials 
each with known hardness values. The accuracy of one’s Rock 
well hardness tester can easily be checked. 


reading found corr spond to other machines i 1 
plicate readings be obtained by ther machines \\ 
no second machine is available for checking. test block 
ire provided whose hardnesses have been tested by sta 
ard machines and so a means for testing the «ac ra 
of a Rockwell machine is readily at hand and the test 
can and should be frequently checked. Fig. 121° show 
such a test blow k 

In Fig. 122 is shown an improvement relently p yn 
the Rockwell instruments. It is the plunger rod sy 
whereby the load is applied directly to the indenter 


with little or no friction from the bearings of the rod 


This is a particularly important improvement on the 
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Plunger rod sys- 
Tem usedino/der 
models, Arrows 
indicate where 
prit,uc. tended 
to create friction 











Fig. 122. The newer full floating frictionless plunger rod system 


is shown in the three figures, B to D. Fig. B shows position of 
plunger rod with specimen not yet in contact with penetrator, 
i.e., before minor load is applied. Fig. C shows position when 
minor load is first applied. Fig. D shows its position when major 
load is applied and approximately its position at the conclusion 
of test when load has been reduced again from major to minor 
and hardness reading is observed. 


Rockwell Superficial machine inasmuch as the force nec 
essary to overcome the friction plays i larger role than 


in the regular machines 


ROCKWELL SUPERFICIAL HARDNESS TESTER 


Phe rapid development of the nitriding process for 
the surface hardening of steels called for a sensitive but 
rugged device capable of measuring the hardness of the 


surface itself, not the 


hardness of a thick laver. In the 


Rockwell line of hardness testers shown in Fig. 123, the 
Wilson) Mechanical Instrument Co. has developed this 
vpe of surface hardness measurer. The regular Rock 
well irdness tester penetrates too deeply. 
In appearance much like the standard hardness tester. 
s new machine is idaptable to the measurement of 
1 rd ss of thin | ird steel Soin he Cas Ot satety 
rr blades. Thin sheet metal such as rolled sheet metal. 
I rous and non-ferrous nay so. ha its hardness 
\ 1 b\ S ester 
( neip nderlving I idings of t teste 
t san is for the standard machine, 7 , an iner 
! in depth due to an increment in load. The big 
litterence n t yading and in tl sensitivity. Th 
t id 5 3 ki oT’ Ss al d thre mayor load may bye 
‘oO or 4 silograms, depending upon the thickness 
t ise hardening. ‘To compensate for the loss of 
sensitivity « ised by sing a lighter load, a de pth meas 
ng svs was devised more sensitive than le reg il 
Rockw \ n all ts sensitivity is on par with that 
th o r mac n 


Fig. 123. The smallest model of the Rockwell! superfici 
ness tester. 








Comparative depths of penetration in a piece of metal of hardness ¢ 
Regular “ROCKWELL,” 30-N60 on the “ROCKWELL” Superfi 
62 Brinell 


Superficial Rockwell, “(NW Brake penetralor, 30 ty. oad + 


Meguler Rockwall, “C Scake Brale penelralor, 180 ty hod 














Comparative depths of penetration in a piece of hard steel of “ROCK El! 
Hardne cr as determined on the regular “ROCKWELL,” and of h 
}0-N82 on the “ROCKWELL” Superficial 





Fig. 124. Relative depths of penetration made by the dit 
penetrators of the Rockwell machines on the same specimer 


thout 0.0010” in depth. One point on the scale ot 


+ 
f} 


ness for any test made on one of these Super 


to ditte rences 1m de pth ot pen 


chines corresponds 
of only 0.001 mm. (approximately 0.000047 R 
depths of penetration made by different indent 
shown in Fig. 124 


diameter stee] ball iS | dd 


Sup rficial machine when measuring brass, brot 
unhardened steel. Because a smaller load is us 
therefore. a smaller penetration, the diamond 

denter must be ground with the greatest of mi 
precision and with an angle of exactly 120. att 
in order to make these tests comparable wi 
Rockwell machines. Inasmuch as the measuremen 
on the Superficial machine are micrometric it 1s 
tant that the surfaces to be tested be smoothly [ 


put they need not be polished. Dust. scale ind YT! 
be removed from the surtace of 

Hardness Number Desiqnation 
lation is used on the superficial hardness tester 


signations for the hardness numbers 


ne specimen und 


Only on dia 
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fer somewhat from those of the regular ma 
ising this special model on 

ijor load in kilograms first, then the 

Brale” N 

ball is. the 

ling. ‘The 

i major load and each of the 


writes the 


Is used is 
penetrator, and finally, the 
alone 


scale furnishes i load Ot 


} 


pan 


<a, more so that the major load may bye 
reading is 50 for either one of the 
rs with a load of 15 kg., the 
15-N-50 or 15-T-50. 


established pre fix s\ mbols 


it Cle scale 


ywwing are the 


N with 15 kg. major load 15-T 
NN 2 30 °* #5 30-T 

N = 5 Ws ; 51 
vill be noted that the major loads are much smaller 
mv the 
pth Init asuring device, however. an equal sensitivity 


regular Rockwell machine. By amplifying 


tained. In a general way, a hardness test is influ 
by the hardness of the material tested to a depth 


ist 10 times the actual depth of indentation. The 


nt tendency to develop instruments with smaller 


loads and more sensitive indicators, whether on 


ndentation instrument like the Superficial Rockwell 
Bierbaum Standard In 


in the right direction. 


i cut instrument like the 


ent, appears to be a move 


“Human Limitations of 
Measurement and Control” 


ie Editor of Instruments 


tools and controllers are 


isuring 
men in their daily 
the instruments are 


made by men to help 


work. Measurements are made by 

tools only to make these measure 

No measurement or control can be any better than the 
ho is making it 

You write, discuss and describe various new instruments in 

issue of your magazine, seemingly forgetting or neglecting 

ist Important part 


mtrols. The following has been written to remind you of 


the human part of all measurements 


rt that man plays in measuring and controlling with 
t In writing this, reference has been made 
literature of two instrument manufacturers. Their litera 
vi riters happen to be in daily 


ic controllers 


used only because the 
with their controllers 


he few vears that we have lived in this world we have 


i curiously individualistic word. Of all the things 
tions that we exactly 
It is true that ippear to be alike at first 


ce. as the 


l Oo oe 


have seen or known, no two. are 
things 


proverbial two peas In a 


many 


closer 


pod; but on 


examination these two peas are found to have individua 
micrometer or 
irlations in size and shape. It is also true that many 


tlike to be 


ngs and differences, and the 


THICTOSCO)D)E 
I 


ire sufficiently Classified as rocks, trees, 


or men These classes, hov ever, may he subdivided 
ler divisions such as dogs, cats or sheep; and the sub 
may go on until we arrive at a single entity which is 


vidual in a class of its own 

mind contacts the world outside of. itself through our 
| senses. Some phenomena, such as sound and light, im 
r senses directly ; others, such as radio wave S, we < 
only indirectly with the aid of instruments that make 
their effects impr SS Our Senses 

nses are 
rid to our minds. As human beings we are 
differ distinctly 
different 


phenomena in somewhat different ways 


messengers Carrying Hpressions ot the out 
mucl LIKE 
inother The 


impressions 


individuals we from. one 


senses of persons receive the 


ind transmit 
elligence to their respective minds somewhat differently, 
the result that we all see, hear, smell, taste and under 
he world 


\ iround us in our own individual way 
nderstand 


ind explain the world in which we live we 
sciences” are 


vented our sciences. All our “exact 
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Fig. 125. Full-size reproduction of the dial of 


ficial hardness tester. The pointer 
(approximately 0.004") motion of the penetrator. 


Eo i 


on measurements, that is to say on Comparison 
events among themselves and = against vardstic 
When it comes to things or actions, we soon 


senses are inaccurate in distinguishine difference 


weights, or time intervals. We also find that we ha 


revolves once for 


lish purely arbitrary and abstract measuring un 
no physical existence. We have invented a system of 1 
based on measurement of length, mass and time. ‘The 
standard of length is defined as 

—1 { 

| ae 

F\ \f | 

( 

We ire quoting this scientific ounding definition 
basic measure of length merely to point out just how ce 
irbitraryv, and non-existing our measuring unit () 
Cal CONCELYV ¢ i definite exact init of distance Hel 
eall a meter or vard. Yet when our eves or en ‘ 
visible meter on vard the best e can do is to 
metal, seratch two lines on it nd eall the di ce | 
these two lines our tandard | hese t mith 
on that particular latinum-iridium bar re tne brite 
part of our Prototvpe Meter. Some eat 0 ‘ ‘ 
Committees ot W eis ts ind Measure tartead 
to determine the 1th of these tiniuting tine 1 orc 
the original \leter more te rately Phe line ere I 
OOO to OLOOS tim wide, not ritic rer ( 
ome hyvdroc rhoor Oled i¢ Phi } r 
OO6O-nmin tO O.OOS8-mimn. wide ine \\ t I 
ment time and Ve bre rie ( el 
Committee could not report det itely Tl t thre 

W76 TY ny other det 1t¢ l ( f willl ote 
he eould do tO CC ne ( ( ( t 
rin nd to the riters’ 1 erstandi tf vnve 

1 that € €vel 1] ( ble to i 
ur measurement Wi l never be tle 
exactly right. but ‘ ( r 
than a mile. vard r inel ff ay rome urement 
part of the storv of the Prot e Meter. Acti 
onsiderablyv more trouble ettor to motine 

een those ft o tine 

Duplicating that ori Meter introduce 

Ities of if Lo i¢ ! 

l e our meter "1 ( I ¢ hie 
nateri ne i ever be sure of 
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Instruments receives a constant stream of questions, and answers most of them im 


ately. Q&A's of general interest to most subscribers, and involving subjects which are 


dealt with in readily-accessible sources 


Temperature Standards 


Question No. 8 


;j ] } 
frestéd in ¢« a 


l am in 
rmation on temperature 
thermocouple potentiomete 


mges of ( f ( 


equipme vl e hiahly uppres 


I Fixed-point ippara 
lude ~ 
] 


national Standard apparatu 


formulas (for barometer ¢ 
for the Ice Point and f 
Point; (/ motor-stirred 
transition points of sodium 
media other than wat 
points other than 0° and 


» 


Motor-stirred, well-i 
with extremely 

precision sh 
Mediu 


equipped 
mostats and 


perature indicators 


some oil. This set-up is not 
I 


certified and c: 


inless so 
tained 

3) Standard 
with 
This c itegory 


instruments Bureau 


certificates 


checking thermome 


Subject Index 2.06 


imi }] some 
standards fi 
ters and 
rs between the 
{ny inte 
n methods and 


tted 


rma 


a) the Inter 


S, me thod and 


orrection, et 


for the Steam 


baths for the 
ry! ; ? 


Suiphate, ete 


er ind nxeda 


LOO” ¢ 


nsulated baths 
iccurate ther 
rt-range tem 
gener illy 
i “standard” 
irefully main 


Tih 1S 


temperature indicating 


of Standards 


includes mer 


are printed occasionally in this Department 


curs in glass thermometers, 


resistance thermometers and eve 


the rmocouple S The thermometer 


es report the error at three 
points so that a correction curve 
rany 


drawn for the entire scale 


resistance-bulb certificates similar 
mit the preparation of a resistance 
whereby the use of a precision W 
short I 
with the ce 


bulb ean give temperature 


stone bridge (or, for a 
in unbalanced bridge 

measure 
Oo *+0.,02°C.; the thermocouple 


cates similarly give an emf. curve 


by the use of 1 precision poter t 
permits 


+-() OBPC 


tempe rature measureme! 
Nott The Bureau of 5S 
irds certificate can’t make a si 


out of a sow’s ear: it can’t make 


grade device better. If, for exam} 
decide to use a mercurial thern 
ind purchase one on a price basi 
its glass may undergo relativels 
changes, SO 


“drift” 
calibration 


dimensionati 


months this will have mat 


Bureau’s curve not « 
superfluous luxury but a source of 
placed confidence in the thermomet 
that thermo 

are subject to contamination; a 
1 Wheatstone bridge is used, care s 
be taken always to send the same ar 
of current through the instrument 


should be realized 


that in a 
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INSTRUMENTATION F Novel Shoe Testing 
i dS 
Instruments Shown 
p BLEMS —SOLUTIONS — DISCUSSIONS 
In England 
> 
{ PROBLEM (No. 17). Consultants have not vet made their recommenda CCORDING to published report 
ve go to press. Solutions and discussions in next issue the Boot Trade Researc Associa 
tion has, during the past twelve 
: months, made considerable rdvances 
ik < “ sar . ) : 
em No. 19 Subject Index 2.06 studying the effect of gait and foo 
3 MEASURING TEMPERATURES OF LIVING TISSUES pressures on shoe wear through moti 
wd picture examples and through the use of 
logists have to measure accurately the temperatures of different por- specially designed apparatus designed { 
s of a single animal’s anatomy. One problem is the accurate measurement indicate we Hina trends 
abate acaeeaieaain 7 = One ot these is the Gait fecorde 
cemperature DIFFERENCES between outer and inner cell layers, often which produc aa aia 
ae F 7 ee : \ ( yr Ices inh ecu! ( recore 
than 0.001" apart, requiring thermocouples or resistance “bulbs” of the movement of the foot in regar 
ost microscopic dimensions, which can be inserted with least irritation pressure on a chemically prepared paper 
; . 3 ee res ; ? =e = ns ; ‘ { | — 
nd which the animals can “get used to.”” This may be an opportunity for Th through an electrical appar 
. : . “¢ a. ~ aase is paper is 1 rked ecordin to ¢ 
practical instrument users to tell their scientific brothers how to do it. Five a Ler a ae . Magpacnle 
. . ° a - . s : ic certain pomts on ie Ker 
lollars will be paid for every solution (or critical discussion clearly pointing shoe with an electrically connected plate 
the way to a solution) which is accepted for publication. Address Instru- laid on the floor. Walking over the plate 
mentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Type double-space, produces a line for each contact showir 
. F : . . : . the rogress of tl walk dit 
n one side of paper. Draw diagram in black ink on separate sheet. Mail Siege glabra see yaaa age 
=, ae : ‘ ; : ; yroximation o standare it 
before June 15. Solutions and discussions accepted will appear in July 1938 Sih waniiitl dindic 40 te ghatad Went 
issuc possible to build up the shoe ft 
correspond with peculiarities i 
compensate for then 
An allied piece of apprat 
lectrograph, device tor a rat 
INSTRUMERRI MENT] fini iio 
pres ures Thre subyect stand 
square plate bearing on ti 
one of aluminur;: heet of Tr 
Conducted by Felix Malone, Instrumirthologist serted between the metal plate int 
this department we print each month (mebbe) SERIOUS versions of various subjects er sseu with the outline of the at ‘ 
treated with too much humor elsewhere in this mag. ‘Gravity, not levity'—that's our in electrical current is) passed 
‘ ‘ aie , ‘ : let j nred fron 
masthead motto. ‘'Solemnity, not jocosity''—that's our sober slogan the metal plates; the image sec 
this apparatus is) darkest ere re 
: Tr : Multiplie 1. Rabbit 2 Slum it ! sure is heaviest, givin record ot 
InstruMerrimen Terminology ae yates 14 
>/ Ul untistal pressure COMCLTLOT 
rv, Peeves 1) Kilowatthour—To idle from o 3 Anotl i Satate a slant etnaliodvies 
Paesereeees Diametral Piteh—The old bean |} srabsineh sal iasdalh ah ltt nt 
outlawed in major league treadmill supported on iehit rise 
Hysteresis—I1. Wife's behavior when Ignition A lock where you pust stand: this is devised enable | 
ibby afte her reducing dinner key to start a eat est ' ; , 
miy puts on his hat and says he Foot-pound 1. Patrolman’s gait. 2. ‘I picture records to be made ot . . 
) to Beefsteak Joe's = Pe dancing ind foot action of erson i 
idy of preceding centuries’ mis Deliquescent—Criminal the treadmill when the norn 
so people can learn to make Circular Mil—Round jailhouse ‘ lated 
yvorse mistakes Mean Candle-power—Mae West ' movements PE SHEET E 
Combustion—To enter suddenly out of the cornet f er eve speeds in accordance ith, thre pee 
Baumé Degree— Thi Wiis ointments Rhombie—Like a Cuban dance which the endless belt f ft 
re rated Isotropie—"Gwan, you can't f n * 
Angstrém Unit Uneasy harem attend how can a hot climate be icy driven 
nt Factorial Pertaining t« ‘ er ‘ I'he St several mioehine ine ber ‘ 
Calorie 1. What reducing women cut work : 8 oni = hi cis a] 
lowr n. 2. Where seats are cheapest Integral What And nd the Kit hibited cre pila. vy 
Inverse Hyperbolic Cosecant Well fish are alway boasting they ive Pair in London 
ts this way: when a carboy of acid Quantie—Where Marines train Report from Osnorx S. W 
the bookkeeper ends one of Adiabatic \ guy that can’t eat ea _" : 
things instead of a plain ir Triclinie—Where this guy is first e» Trade Commissioner, Londor Tee 
‘ (Answe tectually made by an imined Specialties .viviston, DBurea tf bor 
pprentice.) Yield Point— When she irt r ae ; 
Dextrorotary—H On , le in eee ne per mips" a ee : 1? ely Xx LT deorrve Stic 4 me ree, 1) 
ment of Commerce 





i? slappir 








| “Required Reading” for Instrumengineers . | DESIGN AND 
< c St I f i 

| Fundamentals of Instrumentation ptica CONSULTATION 
| Useful data on Automatic Control $2.00 postpaid 


INSTRUMENTS PUBLISHING CO. Pittsburgh 











\ 


T — jib supe? se t t Ay Som of vour proble: 
S 





INSTRUMENT 3: ie AU 
L | T T E L. F U $ E 7 che Ger - a it tla Ai ao pel ae a8 oe pi go = eG seri ' A ye 
LOWER COSTS a 1250 LineolIn Ave., Chi- Gad thls anand aunielie 
RESULTS, particularly 
_Instruments For All Temperature Applications PERKIN, ELMER & MOFFITI 
~LAUD $. GORDON COMPANY — Cleveland — Chicago — Indianapolis 90 BROAD STREET, NEW YORK 

















INSTRUMENTS 


Mav 1938 Page 155 








ter’ “a | 1 expenditures” 
{ iL round-aby 


aires ! 
, } nd used to check 


yosed and expected to pro¢ 


expenditure is ( 
niform product more effectively a ne Sor 
unsatisfiec 


tio! 


of “control” leaves 
of “control” does not state 
by the word 


} 
Talovwe 


nition 
writer means 


manufacturer's ¢ 


e like our definitions—-short 
that this is the 


just how 
Hlowever \ cannot admit 
| \ , “constant” and 


word “dog ” We 


We, instrumer 


correct 
“inva 


COI trol” 
nines 


miste 


utomatic cont 
itriation of the controlled condition 
control, such iS in ur pressure 
demonstrates this \ 
throttling control 


tod 
itior 


In the case of 
hangs the tale 


such as Head 
Master Minds—¢ 


very much 


obvious and thereby 
h pl 


bove us in hh ice 


ly }) 


other Holy of Holiest are 
you ind me 


irlables. We 


vou and mie 


controlling us 
\ 


to control our 


try 
the same happens t 
while in their inspection tours they come 
| vhose only object in life seems to be 
several SVstems, more or 
conditions just 


often thes 
like iny esulting in 
in all curves 
of thereofs ire sometimes 
particular] hese Master Minds 


tT mnie voi on ot 
cdictionary 1 Is inclination to be literal-minded and has 1 
} *s statement promising to k 


within a system.” 
of this and 


nstrunme 


bole condition 
“Why in the name 
ts and highly-paid 


to do” 


nstrun 
supposed 
uirness te s, builde 
ts ane , modify o1 
measuril eee 
ontrol SOLE 


mproximations ou 
denomi 


COMMON 
individualistic 


ucceeded in 
| vy scientific 

thre riters, 

ictuality re 


oO Tormu 
rrect It is the opinion of 
this definition of control describes the 
uS an excuse 


leave hee 
ipproximately ce 
ismitting this 
ike considerable ind at the same time gives for not 

thsolute invariability in our controls 
easurement and control 


There are several other n 
should like to discuss and redefine to suit our 
Hlowever, We 


( 
eahize that we cannot 


ve have in mind it 


aot quid 
ter to the edit 


ot 


ex conditions understanding 

in trou remake the world, at not 
multitude of it decic leave vou your ignorance 

other term ror 


of individua meanin 

rit We started « at humans 
measurements and controls. W 
ptior 


isibly tied up h oO 
T t] the basic concey 


] + n 
{ hhmmitations 


iderivir 


individ | } ) ome 
idea “control” understood and descril 


re intimately connecte 


Ve said in 


manut 
by men to help other men 


of thir Is 
‘ ning, contro 
Limitations 


| 
effec ly or more accurately 


reflect 


rious 
iThOUS . : ! vork more 
ll as machinery the final resi 


\¢ 
“automatic” 


themselves in 


do 


contrivance i 
controller ! it tu . controller does not 

| of any control mtrolman is 
important par inv control. is the or 
controller control, he is the one to decide 
the one te isk for cont 


closeness 


the controllers 


{ the instruments If the job it 


ecuracy, b i means buv tl 


INSTRUMENTS 
Page 156 -\ 11 





